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(54) LIGHT CONTROL METHOD AND ITS DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To extract a photo responsiveness 
of ample magnitude and speed from a photo responsive optical 
element with a good reproducibility. 

SOLUTION: Light sources 1, 2 emit control light and signal light 
respectively. These kinds of light are converged by a condenser 
lens 7 to irradiate an optical cell 8 packed with photo 
responsive liquid composition, only the signal light is detected 
by a photodetector 22 through a light receiving lens 9 and a 
wavelength selection transmission filter 20. The on/off action of 
the control light increases/decreases reversibly the 
transmission factor and/or refractivity of the signal light to 
realize the intensity modulation of the signal light. By setting 
the numeral aperture of the light receiving lens 9 at a value 
substantially smaller than that of the condenser lens 7, the light 
response of ample magnitude and photo responsiveness can be 
extracted from a light responsive liquid composition including a 
dyestuff packed in the optical cell 8. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] The control light of the wavelength to which said optical responsibility constituent induces the 
optical eel filled up with the liquefied optical responsibility constituent is irradiated. Control light is the 
optical control approach of performing said signal luminous-intensity modulation and/or luminous-density 
modulation which penetrate said optical eel by changing reversibly the permeability and/or refractive index 
of signal light in a different wavelength band. Complete respectively said control light and said signal light, 
and it irradiates to said optical cel. And the optical control approach characterized by having arranged the 
optical path of said control light and said signal light, respectively so that the fields where the photon 
density near [ each ] the focus of said control light and said signal light is the highest may overlap mutually 
in said optical responsibility constituent in said optical cel. 

[Claim 2] The optical control approach characterized by making said control light and said signal light 
spread by the same optical path substantially in said optical eel in the optical control approach according to 
claim 1. 

[Claim 3] The optical control approach characterized by classifying and taking out the signal light bundle of 
rays of the field which received strongly said intensity modulation and/or a luminous-density modulation 
among the signal light bundle of rayses to emit in the optical control approach according to claim 1 or 2 
after penetrating said optical responsibility constituent in said optical cel. 

[Claim 4] the optical control approach characterize by classify and take out the signal light bundle of rays of 
the field which received strongly said intensity modulation and/or a luminous density modulation by take 
out the signal light bundle of rays to emit in the include angle range ( angular aperture ) smaller than the 
emission include angle of said signal light bundle of rays in the optical control approach according to claim 
1 or 2 after penetrate said optical responsibility constituent in said optical eel . 

[Claim 5] By changing the physical relationship of each focal location of said control light and said signal 
light, and said optical eel to either of claims 1-4 in the optical control approach of a publication The optical 
control approach characterized by choosing and taking out one of the optical response of the direction where 
the reinforcement of the appearance of said signal light which penetrated said optical eel decreases, and the 
optical responses to which the reinforcement of the appearance of said signal light increases by the exposure 
of said control light. 

[Claim 6] The optical control approach characterized by said liquefied light responsibility constituent 
containing coloring matter in the optical control approach given in either of claims 1-5. 
[Claim 7] The control light of the wavelength to which said optical responsibility constituent induces the 
optical eel filled up with the liquefied optical responsibility constituent is irradiated. Control light is an 
optical control unit used for the optical control approach of performing said signal luminous-intensity 
modulation and/or luminous-density modulation which penetrate said optical eel by making the permeability 
and/or refractive index of signal light in a different wavelength band fluctuating reversibly. So that it may 
have the convergence means as which said control light and said signal light are completed respectively and 
the fields where the photon density near [ each ] the focus of said control light which it converged, and said 
signal light is the highest may overlap mutually The optical path of said control light and said signal light is 
arranged, respectively. And said liquefied light responsibility constituent in said optical eel The optical 
control unit characterized by being arranged in the location where the fields where the photon density near 
[ each ] the focus of said control light which it converged, and said signal light is the highest overlap 
mutually. 

[Claim 8] The optical control unit characterized by having optical-path arrangement which said control light 
and said signal light spread by the same optical path substantially in said optical eel in an optical control unit 
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according to claim 7. 

[Claim 9] The optical control unit characterized by having the means which classifies and takes out the 
signal light bundle of rays of the field which received strongly said intensity modulation and/or a luminous- 
density modulation among the signal light bundle of rayses to emit in an optical control unit according to 
claim 7 or 8 after penetrating said optical responsibility constituent in said optical cel. 
[Claim 10] The optical control unit characterized by using the convergence means of numerical aperture 
smaller than the numerical aperture of the convergence means used when completing said signal light to said 
optical eel and carrying out incidence to it as a means which classifies and takes out the signal light bundle 
of rays of the field which received strongly said intensity modulation and/or a luminous-density modulation 
in an optical control unit according to claim 9. 

[Claim 1 1] The optical control unit characterized by using a diaphragm as a means which classifies and 
takes out the signal light bundle of rays of the field which received strongly said intensity modulation and/or 
a luminous-density modulation in an optical control unit according to claim 9. 

[Claim 12] By having a migration means to change the physical relationship of each focal location of said 
control light and said signal light, and said optical eel to either of claims 7-11 in the optical control unit of a 
publication, and using said migration means By changing the physical relationship of each focal location of 
said control light and said signal light, and said optical eel The optical control unit characterized by 
choosing and taking out one of the optical response of the direction where the reinforcement of the 
appearance of said signal light which penetrated said optical eel decreases, and the optical responses to 
which the reinforcement of the appearance of said signal light increases by the exposure of said control 
light. 

[Claim 13] The optical control unit characterized by having a means to divide into signal light and control 
light a mixed light of signal light and control light which has penetrated said optical responsibility 
constituent in said optical eel in an optical control unit given in either of claims 7-12. 

[Claim 14] Said convergence means to complete respectively said control light and said signal light as either 
of claims 7-13 in the optical control unit of a publication, And/or, after penetrating said optical 
responsibility constituent in said optical eel, The means which classifies and takes out the signal light bundle 
of rays of the field which received strongly said intensity modulation and/or a luminous-density modulation 
among the signal light bundle of rayses to emit, And/or, the optical control unit with which a means to 
divide into signal light and control light a mixed light of signal light and control light which has penetrated 
said optical responsibility constituent in said optical eel is characterized by having the structure included in 
said optical cel. 

[Claim 15] The optical control unit characterized by said liquefied light responsibility constituent containing 
a volatile solvent in an optical control unit given in either of claims 7-14. 

[Claim 1 6] The optical control unit characterized by said liquefied light responsibility constituent containing 
coloring matter in an optical control unit given in either of claims 7-15. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical control approach and the optical control unit 
using the optical eel filled up with the useful liquefied optical responsibility constituent in the field of 
optoelectronics, such as optical communication and optical information processing, and photonics. 
[0002] 

[Description of the Prior Art] In the field of the optoelectronics which paid its attention to the multiplicity of 
light , and high density nature for the purpose of ultra high-speed signal transduction and processing , and 
photonics , researches and developments of the light and the optical control approach which be going to 
modulate luminous intensity ( amplitude ) or a frequency ( wavelength ) be briskly further using change of 
the permeability and the refractive index which be cause in the optical element which processed and created 
the optical material or the optical constituent by irradiate light , without use an electronic circuitry 
technique . Moreover, when it is going to perform a juxtaposition optical logical operation and an image 
processing taking advantage of the description of light, as for an optical intensity-distribution change etc., 
the "space optical modulator" for performing a certain modulation is very important for the cross section of 
a light beam (bundle of rays), and application of light and the optical control approach is expected also here. 

[0003] As a phenomenon in which the application to light and the optical control approach is expected, 
nonlinear optical effects, such as saturable absorption, nonlinear refraction, and a photorefractive effect, and 
a photochromic phenomenon attract attention widely. 

[0004] On the other hand, the phenomenon of newly causing light absorption in the second different 
wavelength band from the first wavelength band is also known without being accompanied by change of the 
molecular structure, and the molecule excited with the light of the first wavelength band can call this 
"excitation state absorption", "induction absorption", or "transient absorption." 

[0005] At least two kinds of beams of light with which wavelength differs in JP,53-137884,A as an example 
which tried application of excitation state absorption to a solution or solid-state including a porphyrin 
system compound and an electron acceptor, for example are irradiated, and the optical conversion approach 
that the information which the beam of light of one wavelength has by this exposure is moved to the 
wavelength of the beam of light of another side is indicated, moreover — JP,55-100503,A and JP,55- 
108603, A — the spectrum between the ground states and excitation states of organic compounds, such as a 
porphyrin derivative, — the difference of a spectrum is used and the liquid core mold optical fiber of 
functionality which chooses propagation light corresponding to a time change of excitation light is 
indicated. Moreover, the plastic optical fiber which contains in a core organic compounds, such as a 
porphyrin derivative which has the absorption corresponding to the transition to the triplet state of a high 
order further from the triplet state excited by light, is indicated by JP,63-89805,A. Moreover, after 
irradiating the light of the first wavelength at JP,63-236013,A at the crystal of cyanine dye, such as 
KURIPUTO cyanine, and carrying out optical pumping of the molecule, the light of the second different 
wavelength from the first wavelength is irradiated at said molecule, and an optoelectronic device which 
switches transparency or reflection of the second of the light of wavelength according to the optical- 
pumping condition by the light of the first wavelength is indicated. Moreover, the light of the first and the 
second wavelength is irradiated at the light modulation medium which distributed photoinduced-electron- 
transfer matter, such as a porphyrin derivative, in the matrix material, and a lightwave signal modulation 
medium which carries out light modulation using the difference of the absorption spectrum between the 
excitation states and ground states of a molecule is indicated by JP,64-73326,A. 
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[0006] As a configuration of the optical equipment used with these conventional technique JP,55-100503,A, 
JP,55-108603,A, And an equipment configuration which twists around the perimeter of the light source (for 
example, flash lamp) of excitation light the optical fiber which propagation light spreads is indicated by 
JP,63-89805,A. Rather, without making JP,53-137884,A and JP,64-73326,A converge the light which is 
equivalent to control light from a direction different from the optical path of signal light on the whole part 
which has spread the light equivalent to the signal light inside an optical responsibility optical element with 
the means of a projector lens etc. An equipment configuration which it is made to emit and is irradiated is 
indicated. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in the above conventional techniques, since need the 
optical power of high density very much in order to cause permeability change or refractive-index change 
(optical response) of magnitude which is sufficient for practical use, or the response to an optical exposure is 
slow or the endurance of an optical response ingredient is low, the present condition is that what results in 
practical use is not yet obtained. 

[0008] These people canceled the technical problem which the above-mentioned conventional technique 
has, and proposed invention (Japanese Patent Application No. No. 25618 [ seven to ], No. 151133 [ eight 
to ]) about the optical control approach and an optical control unit which pull out the optical response of 
sufficient magnitude and a rate from the optical element of optical responsibility by the lowest possible 
optical power, and invention (Japanese Patent Application No. No. 58413 [ seven to ], No. 58414 [ seven 
to ]) about an optical responsibility ingredient. 

[0009] This invention solves the above-mentioned technical problem, and aims at offering further the optical 
control approach and the optical control unit for obtaining an optical response with sufficient repeatability in 
sufficient magnitude which improved further the above-mentioned application of these above-mentioned 
people. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the optical control 
approach concerning invention of this application according to claim 1 The control light of the wavelength 
to which said optical responsibility constituent induces the optical eel filled up with the liquefied optical 
responsibility constituent is irradiated. Controllight is the optical control approach of performing said signal 
luminous-intensity modulation and/or luminous-density modulation which penetrate said optical eel by 
changing reversibly the permeability and/or refractive index of signal light in a different wavelength band. 
Complete respectively said control light and said signal light, and it irradiates to said optical cel. And it is 
characterized by having arranged the optical path of said control light and said signal light, respectively so 
that the fields where the photon density near [ each ] the focus of said control light and said signal light is 
the highest may overlap mutually in said optical responsibility constituent in said optical cel. 
[001 1] Furthermore, in order to attain the above-mentioned purpose, the optical control approach concerning 
invention of this application according to claim 2 is characterized by making said control light and said 
signal light spread by the same optical path substantially in said optical eel in the optical control approach 
according to claim 1. 

[0012] Furthermore, in order to attain the above-mentioned purpose, after the optical control approach 
concerning invention of this application according to claim 3 penetrates said optical responsibility 
constituent in said optical eel, it is characterized by classify and take out the signal light bundle of rays of 
the field which received strongly said intensity modulation and/or a luminous-density modulation among the 
signal light bundle of rayses to emit in the optical control approach according to claim 1 or 2. 
[0013] In order to attain the above-mentioned purpose, furthermore, the optical control approach concerning 
invention of this application according to claim 4 In the optical control approach according to claim 1 or 2, 
after penetrating said optical responsibility constituent in said optical eel, the signal light bundle of rays to 
emit by taking out in the include-angle range (angular aperture) smaller than the emission include angle of 
said signal light bundle of rays It is characterized by classifying and taking out the signal light bundle of 
rays of the field which received strongly said intensity modulation and/or a luminous-density modulation. 
[0014] In order to attain the above-mentioned purpose, furthermore, the optical control approach concerning 
invention of this application according to claim 5 Claims 1-4 either in the optical control approach of a 
publication, by changing the physical relationship of each focal location of said control light and said signal 
light, and said optical eel It is characterized by choosing and taking out one of the optical response of the 
direction where the reinforcement of the appearance of said signal light which penetrated said optical eel 
decreases, and the optical responses to which the reinforcement of the appearance of said signal light 
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increases by the exposure of said control light. 

[0015] Furthermore, in order to attain the above-mentioned purpose, the optical control approach concerning 
invention of this application according to claim 6 is characterized by said liquefied light responsibility 
constituent containing coloring matter in the optical control approach of any of claims 1-5, or a publication. 
[0016] In order to attain the above-mentioned purpose, furthermore, the optical control unit concerning 
invention of this application according to claim 7 The control light of the wavelength to which said optical 
responsibility constituent induces the optical eel filled up with the liquefied optical responsibility constituent 
is irradiated. Control light is an optical control unit used for the optical control approach of performing said 
signal luminous-intensity modulation and/or luminous-density modulation which penetrate said optical eel 
by making the permeability and/or refractive index of signal light in a different wavelength band fluctuating 
reversibly. So that it may have the convergence means as which said control light and said signal light are 
completed respectively and the fields where the photon density near [ each ] the focus of said control light 
which it converged, and said signal light is the highest may overlap mutually It is characterized by arranging 
the optical path of said control light and said signal light, respectively, and arranging said liquefied light 
responsibility constituent in said optical eel in the location where the fields where the photon density near 
[ each ] the focus of said control light which it converged, and said signal light is the highest overlap 
mutually. 

[0017] Furthermore, in order to attain the above-mentioned purpose, the optical control unit concerning 
invention of this application according to claim 8 is characterized by having optical-path arrangement which 
said control light and said signal light spread by the same optical path substantially in said optical eel in an 
optical control unit according to claim 7. 

[0018] Furthermore, in order to attain the above-mentioned purpose, after the optical control unit concerning 
invention of this application according to claim 9 penetrates said optical responsibility constituent in said 
optical eel, it is characterized by having the means which classifies and takes out the signal light bundle of 
rays of the field which received strongly said intensity modulation and/or a luminous-density modulation 
among the signal light bundle of rayses to emit in an optical control unit according to claim 7 or 8. 
[0019] Furthermore, the optical control unit which applies to invention of this application according to claim 
1 0 in order to attain the above-mentioned purpose is characterized in an optical control unit according to 
claim 9 by to use the convergence means of numerical aperture smaller than the numerical aperture of the 
convergence means used when completing said signal light to said optical eel and carrying out incidence to 
it as a means which classifies and takes out the signal light bundle of rays of the field which received 
strongly said intensity modulation and/or a luminous-density modulation. 

[0020] Furthermore, in order to attain the above-mentioned purpose, the optical control unit concerning 
invention of this application according to claim 1 1 is characterized by using a diaphragm in an optical 
control unit according to claim 9 as a means which classifies and takes out the signal light bundle of rays of 
the field which received strongly said intensity modulation and/or a luminous-density modulation. 
[0021] In order to attain the above-mentioned purpose, furthermore, the optical control unit concerning 
invention of this application according to claim 12 Claims 7-11 either by having a migration means to 
change the physical relationship of each focal location of said control light and said signal light, and said 
optical eel, in the optical control unit of a publication, and using said migration means By changing the 
physical relationship of each focal location of said control light and said signal light, and said optical eel It is 
** as the description about choosing and taking out one of the optical response of the direction where the 
reinforcement of the appearance of said signal light which penetrated said optical eel decreases, and the 
optical responses to which the reinforcement of the appearance of said signal light increases by the exposure 
of said control light. 

[0022] furthermore, the optical control unit applied to invention of this application according to claim 13 in 
order to attain the above-mentioned purpose — either of claims 7-12 — in the optical control unit of a 
publication, it is characterized by having a means to divide into signal light and control light a mixed light of 
signal light and control light which has penetrated said optical responsibility constituent in said optical cel. 
[0023] In order to attain the above-mentioned purpose, furthermore, the optical control unit concerning 
invention of this application according to claim 14 Claims 7-13 either Said convergence means as which 
said control light and said signal light are respectively completed in the optical control unit of a publication, 
and/ Or the inside of the signal light bundle of rays emitted after penetrating said optical responsibility 
constituent in said optical eel, The means which classifies and takes out the signal light bundle of rays of the 
field which received strongly said intensity modulation and/or a luminous-density modulation, and/ Or a 
means to divide into signal light and control light a mixed light of signal light and control light which has 
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penetrated said optical responsibility constituent in said optical eel is characterized by having the structure 
included in said optical cel. 

[0024] Furthermore, in order to attain the above-mentioned purpose, the optical control unit concerning 
invention of this application according to claim 1 5 is characterized by said liquefied light responsibility 
constituent containing a volatile solvent in the optical control unit of any of claims 7-14, or a publication. 
[0025] Furthermore, in order to attain the above-mentioned purpose, the optical control unit concerning 
invention of this application according to claim 16 is characterized by said liquefied light responsibility 
constituent containing coloring matter in the optical control unit of any of claims 7-15, or a publication. 
[0026] According to the purpose of use, a suitable combination can be selected and used for the optical 
responsibility constituent used by the optical control approach of this invention [which an optical 
responsibility constituent, the wavelength band of signal light, and the wavelength band of control light 
should put together], the wavelength band of signal light, and the wavelength band of control light as such 
combination. 

[0027] What is necessary is to determine the wavelength thru/or the wavelength band of signal light 
according to the purpose of use, and just to select the combination of the wavelength of the optimal optical 
responsibility constituent for controlling this, and control light first as a concrete configuration procedure, 
for example. Or what is necessary is just to select the optical responsibility constituent suitable for this 
combination, after determining the combination of the wavelength of signal light and control light according 
to the purpose of use. 

[0028] About the optical path length of the signal light which spreads the inside of the presentation of the 
liquefied optical responsibility constituent used by this invention, and the optical eel filled up with said 
optical responsibility constituent, and control light, it can set up as such combination on the basis of the 
permeability of the control light which penetrates an optical eel, and signal light. For example, the 
concentration of the component which absorbs control light or signal light at least among the presentations 
of an optical responsibility constituent can be determined first, and the optical path length of the signal light 
which spreads the inside of an optical eel so that the permeability of the control light which penetrates an 
optical eel, and signal light may subsequently become a specific value, and control light can be set up. Or 
first, after setting the optical path length as a specific value if needed for example, on an equipment design, 
the presentation of an optical responsibility constituent can be adjusted so that the permeability of the 
control light which penetrates an optical eel, and signal light may become a specific value. 
[0029] The value of the permeability of the control light which penetrates an optical eel with it, and signal 
light is as being shown below, respectively. [ optimal / although this invention aims at offering the optical 
control approach and an optical control unit which pull out optical response of magnitude and a rate 
sufficient by the lowest possible optical power from the optical eel filled up with the liquefied optical 
responsibility constituent / in order to attain this purpose ] 

[0030] It is suitable to perform the concentration of the light absorption component in an optical 
responsibility constituent and control of an existence condition, and a setup of the optical path length so that 
the permeability of the control light which spreads an optical eel may become 90% or less in the optical 
control approach and the optical control unit of this invention. 

[003 1] When it is going to use the optical response of the direction where the permeability of signal light 
decreases by the exposure of control light here, in the condition of not irradiating control light, it is suitable 
to perform the concentration of the light absorption component in an optical responsibility constituent and 
control of an existence condition, and a setup of the optical path length so that the permeability of the signal 
light which spreads an optical eel may become at least 10% or more. 

[0032] The optical eel used by [optical eel] this invention It has the function to hold a liquefied optical 
responsibility constituent, and the function which gives a gestalt effectually to a liquefied optical 
responsibility constituent. Furthermore, after penetrating the function to converge, to receive the signal light 
and control light which are irradiated, and to make said signal light and said control light spread to said 
optical responsibility constituent, and said optical responsibility constituent, it has the function which is 
made to spread said signal light to emit and carries out outgoing radiation. 

[0033] The gestalt of the optical eel used by this invention is divided roughly into an external gestalt and 
internal morphology. 

[0034] According to the configuration of the optical control unit of this invention, as for the external gestalt 
of an optical eel, the thing of configurations, such as the shape of the shape of the shape of tabular and a 
rectangular parallelepiped, cylindrical, a semicircle column, and the square pole and die triangle pole, is 
used. 
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[0035] It is the gestalt of the cavity for being filled up with the internal morphology of an optical eel, i.e., a 
liquefied optical responsibility constituent, and a gestalt is effectually given to a liquefied optical 
responsibility constituent. Specifically according to the configuration of the optical control unit of this 
invention, the internal morphology of an optical eel can be suitably chosen from the shape of the shape of 
the shape of the shape of the shape of a thin film, a thick film, tabular, and a rectangular parallelepiped, 
cylindrical, a semicircle column, and the square pole, and the triangle pole, and a convex lens, and a 
concave lens etc. 

[0036] The thing of arbitration can be used for the configuration and the quality of the material of an optical 
eel if the following requirements are satisfied. 

[0037] (1) Above external gestalten and internal morphology are maintainable to a precision in a service 
condition. 

[0038] (2) It is inactive to a liquefied optical responsibility constituent. 

[0039] (3) The presentation change by stripping, transparency, and osmosis of many components which 
constitute a liquefied optical responsibility constituent can be prevented. 

[0040] (4) A constituent can be prevented from liquefied optical responsibility deteriorating by contacting 
the gas or liquid which exists in operating environments, such as oxygen and water. 
[0041] In addition, what is necessary is to restrict the function to prevent presentation change and 
degradation of a liquefied optical responsibility constituent among the above-mentioned requirements within 
the limits of the service life as an optical element, and just to be able to demonstrate it. 
[0042] After penetrating said optical responsibility constituent in the convergence means for completing 
said control light and said signal light, and/or said optical eel, The means which classifies and takes out the 
signal light bundle of rays of the field which received strongly said intensity modulation and/or a luminous- 
density modulation among the signal light bundle of rayses to emit, And/or, the optical eel of the integral 
construction which built into said optical eel a means to divide into signal light and control light a mixed 
light of signal light and control light which has penetrated said optical responsibility constituent in said 
optical eel can be used. 

[0043] In [optical responsibility constituent] this invention, when control light is irradiated, well-known 
various things can be used as a liquefied optical responsibility constituent used for the optical control 
approach and an optical control unit to which the permeability and/or refractive index of signal light in a 
different wavelength band from control light are changed reversibly. 

[0044] If the example is given concretely, for example GaAs, GaAsP, GaAlAs, What carried out colloidal 
dispersion of the ultrafine particle of compound semiconductors, such as InP, InSb, InAs, PbTe, InGaAsP, 
and ZnSe, into the liquefied matrix material, the metal halogenide (for example, a potassium bromide -) 
which doped dissimilar metal ion said metal halogenides (for example, a copper bromide — ), such as a 
sodium chloride What carried out colloidal dispersion of the ultrafine particles, such as a copper chloride 
and a cobalt chloride, into the liquefied matrix material, CdS, CdSe, CdSeS which doped dissimilar metal 
ion, such as copper, What carried out colloidal dispersion of the ultrafine particle of cadmium chalcogenide, 
such as CdSeTe, into the liquefied matrix material, What carried out colloidal dispersion of the ultrafine 
particle of semi-conductors, such as silicon, germanium, a selenium, and a tellurium, into the liquefied 
matrix material, What carried out colloidal dispersion of the ultrafine particle of noble metals, such as 
platinum, gold, and palladium, into the liquefied matrix material, The dissolution or the thing which carried 
out colloidal dispersion can be suitably used for coloring matter into a matrix material besides being the 
dissolution thru/or the thing which carried out colloidal dispersion into a liquefied matrix material about the 
complex of metal ions (for example, neodium ion, erbium ion, etc.). 

[0045] Also in these, into a matrix material, since a matrix material and the selection range of coloring 
matter are wide and processing to an optical eel is also easy the range, coloring matter can be especially 
used for the dissolution or the thing which carried out colloidal dispersion suitably by this invention. 
[0046] In [coloring matter] this invention, a well-known thing can be used as coloring matter. 
[0047] As an example of the coloring matter which can be used by this invention, thoria reel methane 
system coloring matter, such as cyanine dye, such as - diethyl thia carbocyanine iodide, and azo dye [, such 
as acridine dyes, such as xanthene dyes, such as Rhodamine B, rhodamine 6G, eosine and Phloxine B, an 
acridine orange, and acridine red, ethyl red, and Methyl Red, ], porphyrin system coloring matter, 
phthalocyanine system coloring matter, 3, and 3 '3, 3 '-diethyl OKISA di carbocyanine iodide, brilliant green, 
and Victoria blue R, etc. can be used suitably, for example. 

[0048] In this invention, it is independent about these coloring matter, or two or more kinds can be mixed 
and used. 
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[0049] The matrix material which can be used by [matrix material] this invention can use the thing of 
arbitration, if the conditions that the presentation as the dissolution or that colloidal dispersion can be carried 
out, and a (4) light responsibility constituent can be kept good [ stability ] with sufficient stability for the 
coloring matter used by that permeability is high in the wavelength field of the light used with the optical 
control system of a liquefied thing and (1) (2) this invention and (3) this inventions are satisfied. 
[0050] As a matrix material of an inorganic system, water, water glass (thick water solution of an alkali 
silicate), a hydrochloric acid, a sulfuric acid, a nitric acid, an aqua regia, a chlorosulfonic acid, 
methansulfonic acid, trifluoro methansulfonic acid, etc. can be used, for example. 

[005 1 ] Moreover, as a matrix material of an organic system, various organic solvents and liquefied organic 
polymeric materials can be used. 

[0052] As an volatile organic solvent, specifically A methanol, ethanol, Isopropyl alcohol, n-butanol, amyl 
alcohol, a cyclohexanol, Alcohols, such as benzyl alcohol, ethylene glycol, a diethylene glycol, Polyhydric 
alcohol, such as a glycerol, ethyl acetate, n-butyl acetate, Ester, such as amyl acetate and isopropyl acetate, 
an acetone, a methyl ethyl ketone, Ketones, such as methyl isobutyl ketone and a cyclohexanone, 
diethylether, Dibutyl ether, methoxy ethanol, ethoxy ethanol, butoxy ethanol, Ether, such as carbitol, a 
tetrahydrofuran, 1, 4-dioxane, Cyclic ether, such as 1 and 3-dioxolane, dichloromethane, chloroform, A 
carbon tetrachloride, 1, 2-dichloroethane, 1 and 1, 2-trichloroethane, Halogenated hydrocarbon, such as 
trichlene, bromoform, dibromomethane, and diiodomethane Benzene, toluene, a xylene, a chlorobenzene, o- 
dichlorobenzene, Aromatic hydrocarbon, such as a nitrobenzene, an anisole, and alpha-chloronaphthalene 
Aliphatic hydrocarbon, such as n pentane, n-hexane, n-heptane, and a cyclohexane Amides, such as N.N- 
dimethylformamide, N,N-dimethylacetamide, and hexamethylphosphoric triamide Urea derivatives, such as 
cyclic amide [, such as N-methyl pyrrolidone ], tetramethylurea, 1, and 3 -dimethyl -2-imidazolidinone 
Carbonates, such as sulfoxides, such as dimethyl sulfoxide, ethylene carbonate, and propylene carbonate 
Nitril, such as an acetonitrile, propionitrile, and a benzonitrile Nitrogen-containing heterocyclic compounds, 
such as a pyridine and a quinoline, triethylamine, Solvents, such as nitromethane besides organic acids, such 
as amines, such as triethanolamine, diethylamino alcohol, and an aniline, chloroacetic acid, trichloroacetic 
acid, trifluoroacetic acid, and an acetic acid, a carbon disulfide, and a sulfolane, can be used. 
[0053] The thing of two or more classes may be mixed and used for these solvents again. 
[0054] [the dissolution of the coloring matter to the inside of a matrix material, or colloidal dispersion] — the 
dissolution or an approach well-known for carrying out colloidal dispersion can be used for coloring matter 
into these matrix materials. For example, after dissolving the approach and coloring matter which dissolve 
coloring matter in an organic solvent or water glass, and a nonvolatile and liquefied matrix material into a 
common volatile solvent and mixing, since a solvent is used if needed and coloring matter is dissolved or 
distributed into the raw material monomer of the approach of evaporating a solvent and removing, and a 
liquefied organic macromolecule system matrix material, this monomer can be suitably used for a 
polymerization thru/or the approach of making carry out a polycondensation and forming a matrix material, 
etc. Although it is known that the special meeting object which is made to condense a coloring matter 
molecule and is called "H meeting object", "J meeting object", etc. with devising the combination and the 
processing approach of coloring matter and a matrix material can be made to form, the coloring matter 
molecule in a matrix material may be used on the conditions which form such a state of aggregation or a 
meeting condition. 

[0055] Moreover, an approach well-known for carrying out colloidal dispersion of the aforementioned 
various ultrafine particles into a liquefied matrix material can be used. For example, the approach of 
carrying out uptake of the ultrafine particle which manufactured said ultrafine particle by gaseous-phase 
methods, such as the approach of making it form in a liquefied matrix material, chemical vapor deposition, 
the sputtering method, and an evaporation method in inert gas, into a liquefied matrix material using a 
dispersant if needed etc. can be used suitably. 

[0056] In addition, in the range which does not cause trouble to the function, the liquefied optical 
responsibility constituent used by this invention may contain an anti-oxidant well-known as an accessory 
constituent, an ultraviolet ray absorbent, a singlet oxygen quencher, a distributed assistant, a distributed 
stabilizer, a surfactant, etc. in order to raise the stability and endurance as an optical element. 
[0057] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained based on a 
drawing. 

[0058] [Operation gestalt 1] The outline configuration of the optical control unit of this operation gestalt is 
shown in drawing 1 . Such an optical equipment configuration and arrangement can be suitably used, also 
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when others, the interior, and an external gestalt in case internal morphology uses the optical eel 8 of a thin 
film mold use optical eels, such as the shape of the shape of tabular and a rectangular parallelepiped, 
cylindrical, a semicircle column, and the square pole, so that it may illustrate to drawing 1 . 
[0059] Here, the optical eel 8 of a thin film mold is the thing of the configurations with internal morphology 
following, for example. 

[0060] (1) The eel 800 ( drawing 2 ) made from optical glass or quartz glass. 

[0061] (2) The collapsible optical eel 810 ( drawing 3 ) of a configuration of having held two sheet glass by 
superposition and the metal frame for immobilization on both sides of a spacer and rubber packing. 
[0062] The eel 800 made from optical glass or quartz glass as shown in drawing 2 forms the liquefied light 
responsibility constituent restoration section 808 with incidence and outgoing radiation side glass 801 and 
802, side windshields 803 and 804, and base glass 805. As the glass quality of the material, optical glass, 
such as soda glass besides quartz glass and borosilicate glass, can be used, and it can manufacture with a 
well-known glass processing technique. In order to acquire the precision as an optical eel, it is necessary to 
maintain the smoothness and parallelism of incidence and outgoing radiation side glass 801 and 802 to 
altitude at the time of glass processing. It fills up with a liquefied optical responsibility constituent through 
the introductory tubing 806 from an inlet 807. The liquefied light responsibility constituent with which it 
was filled up in the inlet 807 inserting the plug made from polytetrafluoro ethylene (not shown) or by 
stopping an inlet 807 by glass processing can be sealed into an optical eel, and the requirements for the 
aforementioned optical eel can be satisfied. The eel 800 made from optical glass or quartz glass can be 
widely used, in case it is filled up with the liquefied light responsibility constituent using organic [ a large 
majority of ] and an inorganic matrix material except for the case where the solution which corrodes glass, 
for example, the liquid of strong-base nature, a hydrofluoric acid, or fluoroboric acid is used. It is useful 
when using acids, such as a hydrochloric acid, a sulfuric acid, a nitric acid, an aqua regia, a chlorosulfonic 
acid, methansulfonic acid, trifluoro methansulfonic acid, chloroacetic acid, trichloroacetic acid, 
trifluoroacetic acid, and an acetic acid, as a matrix material especially. 

[0063] The same gestalt as the glass optical eel 800 shown in drawing 2 can be manufactured with 
transparent plastics (organic glass), such as a polymethyl methacrylate, polystyrene, and a polycarbonate, 
and can also be used as an optical cel. However, a matrix material needs to care about the way, and the 
ingredient selection and combination which dissolve this plastics, invade or bend in this case. 
[0064] The collapsible optical eel 810 as shown in drawing 3 sandwiches the spacer 814 which formed the 
liquefied light responsibility constituent restoration section 818 with tabular incidence and outgoing 
radiation side glass 813 and 815 of two sheets, sandwiches this with fixed frames 811 and 817 through 
rubber packing 812 and 816, uses a screw (not shown) for the fixed screw holes 824 and 825, and fixes to 
them. The introductory tubing 822 and 823 attached in the fixed frame 817 leads to the introductory hole 
821 prepared in the fixed frame 817, the introductory hole 820 prepared in rubber packing 816, and the 
introductory hole 819 subsequently to incidence and outgoing radiation side glass 815 prepared, and can 
introduce a liquefied optical responsibility constituent to the restoration section 818 through these 
introductory paths. The optical path length who spreads the inside of an optical responsibility constituent 
when the thickness, i.e., the signal light, and/or control light of the restoration section 818 carry out 
incidence perpendicularly is determined by the thickness of the spacer 814 at the time of assembly. Since a 
spacer 814, incidence and outgoing radiation side glass 813 and 815, rubber packing 812 and 815, and fixed 
frames 81 1 and 817 contact a liquefied optical responsibility constituent altogether, they need to be the 
quality of the materials which bear the solubility of a liquefied matrix material, permeability, permeability, 
and/or corrosive. Specifically, the quality of the material of a spacer 814 has optical glass, quartz glass, 
polytetrafluoroethylene, isobutylene isoprene rubber, silicone rubber, desirable ethylene-propylene rubber, 
etc. In order to reconcile precision maintenance of said optical path length and seal nature maintenance of 
liquid especially, fluorine system polymeric materials, such as polytetrafluoroethylene, are used suitably. 
[0065] As incidence and outgoing radiation side glass 813 and 815, optical glass, such as synthetic sapphire 
besides quartz glass, soda glass, and borosilicate glass, can be used. Moreover, in the case of the liquid with 
which said matrix material corrodes inorganic glass, organic glass, such as a polymethyl methacrylate, 
polystyrene, and a polycarbonate, can also be used. As the quality of the material of rubber packing 812 and 
816, isobutylene isoprene rubber, silicone rubber, ethylene-propylene rubber, the fluororesin system rubber 
that carried out radiation irradiation bridge formation can be used. Fixed frames 811 and 817 can use 
suitably metal things, such as stainless steel and gold-plated brass. 

[0066] The case where what filled up with the chloroform solution (concentration of 5xten - three mols/1.) of 
a tetrapod (t-butyl) copper phthalocyanine the eel 800 made from quartz glass of drawing 2 hereafter 
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prepared as an optical eel 8 of drawing 1 so that the thickness (optical path length at the time of carrying out 
vertical incidence) of a liquefied light responsibility constituent might be set to 50 micrometers is used is 
explained. The permeability spectrum of the optical eel 8 in this case is shown in drawing 4 . The 
permeability of this optical eel 8 was 91% on the wavelength (830nm) of signal light 0.5% in the 
wavelength (633nm) of control light. 

[0067] The optical control unit of this invention which illustrates an outline to drawing 1 consists of the light 
source 1 of control light, the light source 2 of signal light, ND filter 3, a shutter 4, the transflective mirror 5, 
the photomixing machine 6, a condenser lens 7, the optical eel 8, the light-receiving lens 9, the wavelength 
selection transparency filter 20, diaphragm 19, photodetectors 1 1 and 22, and an oscilloscope 100. 
[0068] Among these optical elements thru/or an optic, the light source 1 of control light, the light source 2 
of signal light, the photomixing machine 6, a condenser lens 7, the optical eel 8, the light-receiving lens 9, 
and the wavelength selection transparency filter 20 are indispensable equipment configuration elements, in 
order to enforce the optical control approach of this invention by the equipment configuration of drawing 1 . 
In addition, ND filter 3, a shutter 4, the transflective mirror 5, and diaphragm 19 are established if needed, 
and although it is unnecessary in order for photodetectors 1 1 and 22 and an oscilloscope 100 to enforce 
[ and ] the optical control approach of this invention, it is used as an electronic instrument for checking 
actuation of optical control if needed. 

[0069] Next, the description of each component and actuation are explained. 

[0070] Laser equipment is suitably used for the light source 1 of control light. The oscillation wavelength 
and output are suitably chosen according to the wavelength of the target signal [ approach / of this 
invention / optical / control ] light, and the response characteristic of an optical responsibility constituent to 
be used. There is especially no limit about the method of laser oscillation, and the thing of the format of 
arbitration can be used according to an oscillation wavelength band, an output, economical efficiency, etc. 
Moreover, after carrying out wavelength conversion of the light of the laser light source by the nonlinear 
optical element, you may use it. Specifically, solid state laser, such as gas laser, such as an Ar ion laser 
(oscillation wavelength 457.9 thru/or 514. 5nm) and a helium neon laser (633nm), ruby laser, and Nd:YAG 
laser, dye laser, semiconductor laser, etc. can be used suitably. Not only the coherent light from the laser 
light source but non-coherent light can also be used for the light source 2 of signal light. Moreover, by the 
light filter or the monochromator, wavelength selection of the continuous spectrum light from a tungsten 
filament lamp besides [ which gives the homogeneous light ] the light source, a metal halide lamp, the xenon 
discharge tubes, etc., such as laser equipment, light emitting diode, and the neon discharge tube, may be 
made, and it may be used. 

[0071] According to the purpose of use, a suitable combination is selected as such combination, and the 
optical responsibility constituent used by the optical control approach of this invention, the wavelength band 
of signal light, and the wavelength band of control light are used. An operation gestalt is explained about the 
case where the combination of the optical eel 800 filled up with the aforementioned liquefied light 
responsibility constituent as the light source 2 of signal light as a helium neon laser (Gaussian beam with an 
oscillation wavelength [ of 633nm ] and a beam diameter of 2mm) and an optical eel 8 as the light source 1 
of semiconductor laser (Gaussian beam with a diameter [ after the oscillation wavelength of 830nm, the 
continuous-oscillation output of 5mW, and beam plastic surgery ] of about 8mm) and control light is used 
hereafter. 

[0072] Although ND filter 3 is not necessarily required, since the optical reinforcement of control light is 
fluctuated, in examining the optical response engine performance of the optical element used by this 
invention, in order to avoid that the laser light of power high beyond the need carries out incidence to the 
optic which constitutes equipment, or an optical element, it is useful. With this operation gestalt, some kinds 
of ND filters were exchanged and used for the latter purpose. 

[0073] A shutter 4 is not an equipment configuration element indispensable when it is used in order to blink 
this in the shape of a pulse, and enforcing the optical control approach of this invention, when continuous 
wave laser is used as a control light. That is, the light source 1 of control light is the laser which carries out a 
pulse oscillation, and when it is the light source of the format which can control the pulse width and 
oscillation spacing, or when using the laser light by which pulse modulation was beforehand carried out 
with the suitable means as the light source 1, it is not necessary to form a shutter 4. 

[0074] When using a shutter 4, the actuation rate of the shutter itself is taken into consideration, the thing of 
arbitration can be used as the format, for example, an optical chopper and mechanical shutter, a liquid 
crystal shutter, an optical Kerr effect shutter, a pockels cell, an acoustooptics (AO) modulator, etc. can be 
used, choosing them timely. 
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[0075] In this operation gestalt, in examining an operation of the optical control approach of this invention, 
the transflective mirror 5 can be used in order to always estimate the optical reinforcement of control light, 
and optical split ratio can set it as arbitration. 

[0076] Photodetectors 1 1 and 22 are used in order to detect electrically the situation of change of the optical 
reinforcement by the light and optical control of this invention and to verify it, and in order to examine the 
engine performance of the optical control unit of this invention. The format of photodetectors 1 1 and 22 is 
arbitrary, it can be chosen timely, and it can use [ the speed of response of the detector itself can be taken 
into consideration ] it, for example, can use a photo-multiplier, a photodiode, a photo transistor, etc. 
[0077] It can act to the others and the A-D converter which are an oscilloscope 1 00 etc. as the monitor of the 
light-receiving signal of said photodetectors 1 1 and 22 with the combination (not shown) of a computer. 
[0078] In using in order to adjust the optical path of the control light which spreads the inside of the optical 
eel 8 and goes, and signal light, and carrying out the optical control approach and the optical control unit of 
this invention, the photomixing machine 6 is one of the important equipment configuration elements. Either 
a polarization beam splitter an unpolarized light beam splitter or a dichroic mirror can be used, and it can be 
set as arbitration also about optical split ratio. 

[0079] A condenser lens 7 is for completing the signal light and control light which were adjusted as a 
convergence means common to signal light and control light so that an optical path might become the same, 
and irradiating to said optical eel 8, and is one of the equipment configuration elements indispensable to 
operation of the optical control approach of this invention, and an optical control unit. About the 
specification of the focal distance of a condenser lens 7, numerical aperture, an F value, a lens configuration, 
a lens surface coat, etc., the thing of arbitration can be used suitably. A condenser lens 7 is also incorporate 
into said optical cel. 

[0080] With this operation gestalt, the objective lens for microscopes of the scale factor of 40 times, the 
focal distance of 5mm, and numerical aperture 0.65 was used as a condenser lens 7. 
[008 1 ] by converge , irradiate in the optical eel 8 , and use the lens of numerical aperture smaller than the 
numerical aperture of said condenser lens 7 , as show in this operation gestalt although it be a means for 
return the signal light and control light which have be penetrate to parallel and/or a convergence beam , in 
sufficient magnitude , intensity modulation and/or the signal light by which the luminous density 
modulation be carried out can be classify with sufficient repeatability , and the light-receiving lens 9 can 
take it out . 

[0082] With this operation gestalt, the microscope lens of one 20 times the scale factor of this and numerical 
aperture 0.4 was used as a light-receiving lens 9. Namely, by making numerical aperture of the light- 
receiving lens 9 smaller than the numerical aperture of a condenser lens 7, it becomes possible to classify 
and take out the flux of light of the field which received intensity modulation and/or a luminous-density 
modulation strongly among the flux of lights of signal light, and the signal light which received the 
modulation in sufficient magnitude can be detected now with sufficient repeatability. Of course, even if lens 
numerical aperture is large, it cannot be overemphasized that diaphragm 19 may be put in, or incidence may 
be carried out to a photodetector 22 by the core of the flux of light, and numerical aperture may be 
substantially made small. Moreover, it is also possible to use a concave mirror instead of a condenser lens 
and a light-receiving lens so that it may state later (operation gestalt 4 reference). Furthermore, the light- 
receiving lens 9 is also incorporable into said optical eel 8. 

[0083] The wavelength selection transparency filter 20 is one of the indispensable equipment configuration 
elements, in order to enforce the optical control approach of this invention by the equipment configuration 
of drawing 1 , and it is used as one of the means for taking out only signal light from a mixed light of the 
signal light which has spread the same optical path in said optical eel 8, and control light. 
[0084] As a means for separating the signal light and control light from which wavelength differs, prism, a 
diffraction grating, a dichroic mirror, etc. can be used for others. These signal light and control light 
separation means are incorporable into said optical eel 8. 

[0085] As a wavelength selection transparency filter 20 used by the equipment configuration of drawing 1 , 
the light of the wavelength band of control light is intercepted completely, and on the other hand, if it is the 
wavelength selection transparency filter which can penetrate the light of the wavelength band of signal light 
efficiently, the thing of well-known arbitration can be used. For example, plastics and glass which were 
colored with coloring matter, the glass which prepared the dielectric multilayer vacuum evaporationo film in 
the front face can be used. 

[0086] In the optical equipment of drawing 1 which consists of the above components, by adjusting 
permeability, the light beam of the control light by which outgoing radiation was carried out from the light 
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source 1 passes ND filter 3 for adjusting transmitted light reinforcement, passes the shutter 4 for 
subsequently to blinking control light in the shape of a pulse, and is divided by the transflective mirror 5. 
[0087] A part of control light divided in the transflective mirror 5 is received by the photodetector 1 1 . Here, 
if putting out lights and the light source 1 are turned on for the light source 2, the relation between the 
optical reinforcement in the light beam exposure location to the optical eel 8 and the signal strength of a 
photodetector 1 1 is beforehand measured in the condition of having opened the shutter 4 wide and the 
calibration curve is created, it will become possible to always presume the optical reinforcement of the 
control light which carries out incidence to the optical eel 8 from the signal strength of a photodetector 1 1 . 
With this operation gestalt, the power of the control light which carries out incidence to the optical eel 8 was 
adjusted in 0.5mW thru/or 25mW by ND filter 3. 

[0088] The control light divided and reflected in the transflective mirror 5 passes along the photomixing 
machine 6 and a condenser lens 7, and it converges and it is irradiated by the optical eel 8. After the light 
beam of the control light which passed the optical eel 8 passes the light-receiving lens 9, it is intercepted 
with the wavelength selection transparency filter 20. 

[0089] It is mixed so that the light beam of the signal light by which outgoing radiation was carried out from 
the light source 2 may spread the same optical path as control light with said photomixing vessel 6, it goes 
via a condenser lens 7, the optical eel 8 completes and irradiates, and after the light which passed the 
component passes the diaphragm 1 9 established if needed after penetrating the light-receiving lens 9 and the 
wavelength selection transparency filter 20, it is received with a photodetector 22. 

[0090] It experimented in optical control using the optical equipment of drawing 1 , and a change on the 
strength [ optical ] as shown in drawing 5 and drawing 6 was observed. In drawing 5 and drawing 6 , 1 1 1 is 
the light-receiving signal of a photodetector 1 1 , and 222 and 223 are the light-receiving signals of a 
photodetector 22. The difference in case 223 is obtained with the case where the light-receiving signal 222 
of a photodetector 22 is acquired is as follows. 

[0091] In equipment arrangement of drawing 1 , although incidence of control light and the signal light is 
converged and carried out to the optical eel 8, if the location (focus Fc) where a convergence beam diameter 
serves as min is set as the place (incidence side of light) near the condenser lens 7 of the optical eel 8, the 
optical response 222 of the direction where the reinforcement of the appearance of said signal light which 
penetrated said optical eel 8 decreases will be observed. On the other hand, if the location (focus Fc) where 
a convergence beam diameter serves as min is set as the place (outgoing radiation side of light) near the 
light-receiving lens 9 of the optical eel 8, the optical response 223 of the direction where the reinforcement 
of the appearance of said signal light which penetrated said optical eel 8 increases will be observed. 
[0092] It has not solved about the detail of the device which such an optical response produces, and current 
and the thing which originates in permeability, a refractive index, etc. of an optical responsibility constituent 
changing with the exposures of control light although it is under examination wholeheartedly are 
conjectured. 

[0093] As an approach of changing the focal location of control light and signal light which it converged by 
the same optical path here, and the physical relationship of an optical eel For example, the stand which 
established the jogging device by precision ****, the stand which formed the piezoelectric-device actuator, 
Or attach the optical eel 8, and make it move as mentioned above onto the stand which formed the ultrasonic 
actuator, and also The large thing of the nonlinear-refractive-index effectiveness can be used for the quality 
of the material of a condenser lens 7, and the approach of changing the power density of a control light pulse 
and changing a focal location, the method of using for the quality of the material of a condenser lens 7 what 
has a large coefficient of thermal expansion, changing temperature with heating apparatus, and changing a 
focal location, etc. can be used. 

[0094] Although a change on the strength [ optical ] as experimented in optical control using the optical 
equipment of drawing 1 and shown in drawing 5 and drawing 6 was observed, the detail is as stating below. 
[0095] First, the light beam of control light and the light beam of signal light are Focus Fc in the same field 
of the optical eel 8 interior or near. The optical path from each light source, the photomixing machine 6, and 
the condenser lens 7 were adjusted so that it might connect. Subsequently, the function of the wavelength 
selection transparency filter 20 was checked. That is, where the light source 2 is switched off, when the light 
source 1 was turned on and a shutter 4 was opened and closed, it checked that a response did not arise at all 
in a photodetector 22. 

[0096] In addition, migration on the optical eel 8 of the convergence beam diameter minimum location 
(focus Fc) was performed by moving the optical eel 8. That is, with spacing (d78+d89) of a condenser lens 7 
and the light-receiving lens 9 fixed, the distance of the optical eel 8 and a condenser lens 7 was changed, and 
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the physical relationship of the focal location of the control light which it converged by the same optical 
path, and signal light, and the optical eel 8 was changed, and was performed. 

[0097] It is said focus Fc first. The case where the optical eel 8 ** condenser lens 7 is described, the wave of 
control light in this case — the response waveform 222 of the signal light to 1 1 1 is shown in drawing 5 . 
[0098] Where a shutter 4 is closed, the light source 1 of control light is turned on, and subsequently it is time 
of day tl . When it set, the light source 2 was turned on and signal light was irradiated to the optical eel 8, the 
signal strength of a photodetector 22 increased from level C to level A. 

[0099] Time of day t2 It set and the shutter 4 was opened wide, and when control light was converged and 
irradiated to the same optical path as the signal light of the optical eel 8 interior having spread, the signal 
strength of a photodetector 22 decreased from level A to level B. That is, the optical response of the 
direction where the reinforcement of the appearance of signal light decreases was observed. The response 
time of this change was less than 2 microseconds. 

[0100] Time of day t3 When it set, the shutter 4 was closed and the control light exposure to an optical eel 
was stopped, the signal strength of a photodetector 22 returned to level A from level B. The response time of 
this change was less than 3 microseconds. 

[0101] Time of day t4 It sets, a shutter 4 is opened wide and, subsequently it is time of day t5. When set and 
closed, the signal strength of a photodetector 22 decreased from level A to level B, and, subsequently 
returned to level A. 

[0102] Time of day t6 When it set and the light source 2 was switched off, the output of a photodetector 22 
declined and returned to level C. 

[0103] Subsequently, said focus Fc The case where it installs in the light-receiving lens 9 side of the optical 
eel 8 is described, the wave of control light in this case - the response waveform 223 of the signal light to 
1 1 1 is shown in drawing 6 . 

[0104] Where a shutter 4 is closed, the light source 1 of control light is turned on, and subsequently it is time 
of day tl . When it set, the light source 2 was turned on and signal light was irradiated to the optical eel 8, the 
signal strength of a photodetector 22 increased from level C to level A. 

[0105] Time of day t2 It set and the shutter 4 was opened wide, and when control light was converged and 
irradiated to the same optical path as the signal light of the optical eel 8 interior having spread, the signal 
strength of a photodetector 22 increased from level A to level D. That is, the optical response of the 
direction where the reinforcement of the appearance of signal light increases was observed. The response 
time of this change was less than 2 microseconds. 

[0106] Time of day t3 It set, the shutter 4 was closed and the signal strength of a photodetector 22 returned 
stopping the control light exposure to an optical eel to level A from level D. The response time of this 
change was less than 3 microseconds. 

[0107] Time of day t4 It sets, a shutter 4 is opened wide and, subsequently it is time of day t5. When set and 
closed, the signal strength of a photodetector 22 increased from level A to level D, and, subsequently 
returned to level A. 

[0108] Time of day t6 When it set and the light source 2 was switched off, the output of a photodetector 22 
declined and returned to level C. 

[0109] When were collected above and time amount change of the optical reinforcement expressed with a 
wave as shows control light to 1 1 1 of drawing 5 or drawing 6 was given and irradiated to the optical eel 8, 
the output wave of the photodetector 22 in which it acts as the monitor of the optical reinforcement of signal 
light, and it is shown changed reversibly corresponding to time amount change of the optical reinforcement 
of control light, as shown in 223 of 222 or drawing 6 of drawing 5 . That is, it was checked controlling 
transparency of signal light by increase and decrease or intermittence of control light of optical 
reinforcement (light and optical control), i.e., controlling light by light, or that light can be modulated with 
light (light and light modulation). 

[01 10] In addition, extent of change of the optical reinforcement of the signal light corresponding to 
intermittence of the light of control is value deltaT [unit %] defined below using the output levels A, B, and 
C of the aforementioned photodetector 22, or value deltaT' [unit %] defined below using A, C, and D. 
[Equation 1] 

deltaT = 100 [(A-B)/(A-C)] 
[Equation 2] 

deltaT'=l 00[(D-A)/(A-C)] 

It can compare "Be alike" quantitatively. The output level of the photodetector 22 when the output level of 
the photodetector 22 at the time of turning on the light source 2 of signal light here after A had intercepted 
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control light, and B and D irradiate signal light and control light at coincidence, and C are the output levels 
of the photodetector 22 in the condition of having switched off the light source 2 of signal light. 
[01 1 1] In the upper example, when incidence power of control light was set to 5mW, the location of the 
optical eel 8 to a condenser lens 7 and the light-receiving lens 9 was changed and the sense and magnitude 
of an optical response of signal light were investigated, the maximum of magnitude deltaT' of a response of 
the sense which, as for the maximum of magnitude deltaT of a response of the sense to which signal light 
reinforcement decreases, the signal light reinforcement of 89% and appearance increases was 51%. In 
addition, when the focal location of control light was put on the incidence close-attendants side of the 
optical responsibility constituent in an optical eel, control light was irradiated with pulse width longer than 1 
ms and power of control light was made larger than lOmW, in the focal location of control light, the 
chloroform of a solvent began ebullition. Since ebullition of a solvent took place very locally, the pressure 
buildup inside an optical eel was very slight. Moreover, shortly after intercepting control light, ebullition 
stopped. 

[0112] By changing the physical relationship of the location (focus Fc) where a convergence beam diameter 
serves as min as mentioned above, and the optical eel 8, the sense of an optical response of signal light can 
be reversed and the response of the direction where the reinforcement of the appearance of signal light 
decreases, or the increasing direction can be obtained. 

[01 13] In order to investigate the device which such an optical response change produces, change of the 
optical intensity distribution in the signal light beam cross section which happens when optical control is 
performed was measured. Namely, the light-receiving lens 9 is changed into the thing of bigger numerical 
aperture (for example, 0.75) than the numerical aperture (it is 0.65 in the case of this operation gestalt) of a 
condenser lens 7 in the equipment of drawing 1 . Remove drawing 19 and an optical intensity-distribution 
measuring instrument as shows an outline to drawing 7 instead of a photodetector 22 is installed. All the 
bundle of rayses that penetrated the optical eel 8 were received and completed with the light-receiving lens 
9, incidence was carried out to the light sensing portion 3 1 (effective diameter of 4mm) of said optical 
intensity-distribution measuring instrument, and the optical intensity distribution of a signal light bundle-of- 
rays cross section were measured. A measurement result is shown in drawing 8 , and 9 and 10. As an optical 
intensity-distribution measuring instrument is shown in drawing 7 , the first slit 32 with a width of face of 
1mm is formed to a light sensing portion 31 (effective diameter of 4mm) here. It is equipment which move 
the second slit 33 with a width of face of 25 micrometers to the sense of Point X to the point Y with constant 
speed in the die-length direction of the first slit, i.e., drawing 7 , and the luminous intensity which passed the 
aperture of the rectangle which is lmmx25micrometer which the slit of two sheets makes is made to 
correspond to the migration location of said aperture, and is measured. What is necessary is just to record 
the output of the detector which received the light which passed said aperture on the storage oscilloscope 
synchronized with the passing speed of the second slit 33, in order to make it correspond to the migration 
location of said aperture and to measure optical reinforcement. Drawing 8 -10 show the optical intensity 
distribution about the light beam cross section of the signal light recorded on the storage oscilloscope as 
mentioned above, an axis of abscissa (location in a light beam cross section) corresponds to the location of 
the direction of Point X to the point Y of drawing 7 , and an axis of ordinate expresses optical 
reinforcement. 

[0114] Drawing 8 is the optical intensity distribution of said signal light beam cross section when control 
light does not carry out incidence to the optical eel 8 but only signal light carries out incidence. The optical 
intensity distribution in this case are distribution (in general "Gaussian distribution") in which reinforcement 
becomes weaker as the reinforcement for a core is strong and goes on the outskirts. 

[0115] Drawing 9 is the optical intensity distribution of the signal light beam cross section when irradiating 
control light in the conditions on which the optical response 222 of the sense to which apparent signal light 
reinforcement decreases is observed, when a convergence beam diameter sets the location (focus Fc) used as 
min as the place (incidence side of light) near the condenser lens 7 of the optical eel 8 and irradiates control 
light. The optical reinforcement for a core of the optical intensity distribution in this case is weak, and they 
are the distribution to which optical reinforcement increases on the outskirts. Zero are approached as the 
optical reinforcement of the core of a signal light beam cross section decreases depending on the physical 
relationship of control light reinforcement and the optical eel 8, and a focus and its control light 
reinforcement increases. Therefore, if only a part for the core of a signal light beam is taken out in this case 
and apparent signal light reinforcement is measured, corresponding to intermittence of control light, the 
optical response 222 of the sense to which signal luminous intensity decreases can be taken out in sufficient 
magnitude. 
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[0116] Drawing 10 is the optical intensity distribution of the signal light beam cross section when irradiating 
control light in the conditions on which the optical response 223 of the sense to which apparent signal light 
reinforcement increases is observed, when a convergence beam diameter sets the location (focus Fc) used as 
min as the place (outgoing radiation side of light) near the light-receiving lens 9 of the optical eel 8 and 
irradiates control light. In this case, the optical reinforcement for a core is stronger than the optical 
reinforcement for a core when not irradiating control light ( drawing 8 ). In this case, although the optical 
reinforcement of the core of a signal light beam cross section depends for control light reinforcement and 
the optical eel 8 on the relation of a focal location, it reaches also several times at the time of a control **** 
exposure. Therefore, if only a part for the core of a signal light beam is taken out in this case and apparent 
signal light reinforcement is measured, corresponding to intermittence of control light, the optical response 
223 of the sense to which signal luminous intensity increases can be taken out in sufficient magnitude. 
[0117] The optical intensity modulation (optical response) of the signal light by intermittence of control 
light is the core of a signal light beam (flux of light) cross section, and the above experiment shows having 
occurred greatly especially. Therefore, when numerical aperture of the light-receiving lens 9 is made larger 
than the numerical aperture of a condenser lens 7, it supplements with all the signal light that penetrated the 
optical eel 8 contrary to the main point of this invention and light is received with a photodetector, the 
optical response detected will become remarkably small compared with the case of this invention. 
Moreover, noise components other than the part which received the light modulation by control light in the 
photodetector will be incorporated, and a S/N ratio will get remarkably bad. 

[0118] [Operation gestalt 2] In order to enlarge an optical response in the optical control light method and 
the optical control unit of this invention, complete respectively said control light and said signal light, and it 
irradiates to said optical cel. And although what is necessary is just to arrange the optical path of said control 
light and said signal light, respectively so that the fields where the photon density near each focus of said 
control light and said signal light is the highest may overlap mutually in said optical eel It is desirable to 
make signal light and control light spread by the same optical path substantially for that purpose. In 
addition, focus Fc at the time of making it converge by aperture angle 2theta with a condenser lens 7 etc., 
when it is the Gaussian beam from which the amplitude distribution of the electric field of said control light 
and said signal light is Gaussian distribution The situation of the bundle of rays in near and a wave front 30 
is shown in drawing 1 1 . Here, it is 0 the diameter of 2omega of the Gaussian beam of wavelength lambda. 
The location omega 0 which becomes min, i.e., the radius of a beam waist, It is expressed with the following 
formula. 
[0119] 

[Equation 3] omega 0 = lambda/(pi-theta) 

For example, radius omega 0 of the beam waist when converging control light with a wavelength [ of 
633nm ], and a beam diameter of 1mm with the condenser lens (the focal distance of 5mm, numerical 
aperture 0.65) used with the operation gestalt 1 Radius omega 0 of the beam waist when converging 
similarly 2.02 micrometers of signal light with a wavelength [ of 830nm ], and a beam diameter of 8mm It is 
calculated with 0.392 micrometers (almost diffraction limitation). 

[0120] As shown in drawing 12 , that signal light and control light can consider "It is the same optical path 
substantially 1 ' has the mutually parallel optical axis of : 1 control light which is the following cases, and 
signal light. In the optical path L02 (radius r2) of control light, for example, a cross section, the optical path 
of signal light, For example, when a cross section L+l, L01, or L-l (radius rl;rl <=r2) laps and spreads, 2) 
The optical axis of control light and signal light is mutually parallel. In the optical path L02 (radius r2) of 
signal light, for example, a cross section, the optical path of control light, For example, when a cross section 
L+l, L01, or L-l (radius rl;rl <=r2) laps and spreads, 3) When the opticals axis of control light and signal 
light are parallel (the distance 1+1 between opticals axis, 1-1, or 1+1+1-1) mutually and the optical path of 
control light also of either a cross section L+l, L01 or L-l and the optical path of signal light is either a 
cross section L+l, L01 or L-l. 

[0121] The data of Table 1 are set to the equipment of the operation gestalt 1 as an example. As a condenser 
lens 7 The objective lens for microscopes of numerical aperture 0.65 is used. As a light-receiving lens 9 The 
location (focus) where a convergence beam diameter serves as min is set as the place (incidence side of 
light) near the condenser lens 7 of the optical eel 8 using the lens for microscopes of a numerical aperture 
0.4. Under the condition on which the optical response 222 of the direction where said signal light which 
penetrated said optical eel decreases is observed, The optical path of signal light is fixed to a cross section 
L02 (diameter of 8mm), and change of magnitude deltaT of signal light and an optical response at the time 
of carrying out ** 1.2mm parallel displacement of the optical path (optical axis) of the control light of a 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/20/2006 



JP, 10-090733, A [DETAILED DESCRIPTION] 



Page 14 of 16 



cross section L+l, L01, or L-l (diameter of 1mm) as the distance 1+1 between opticals axis or 1-1 is shown. 
Although an optical response when the optical axis of signal light and control light is completely in 
agreement is max, even if the distance 1+1 between opticals axis or 1-1 shifts about **0.6mm, magnitude 
deltaT of an optical response changes about seven points. 

[0122] Namely, the optical path of said control light and said signal light is arranged, respectively so that the 
fields (beam waist) where the photon density near each focus of the signal light which it converged, and 
control light is the highest may overlap mutually in the optical responsibility constituent in said optical cel. 
When the optical path of that said optical response becomes max when the overlap of these fields becomes 
max (i.e., when the optical axis of said control light and said signal light is completely in agreement), said 
control light, and said signal light was substantially the same, it turned out that an optical, sufficiently big 
response is obtained. 
[0123] 
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[Example 1 of a comparison] In order to conduct the comparative experiments based on a Prior art, 
according to description of JP,53-137884,A, JP,63-231424,A, and JP,64-73326,A, optical control was tried 
using the equipment of a configuration as an outline is shown in drawing 13 . That is, the semiconductor 
laser light (wavelength of 830nm) from the light source 2 of the signal light which extracted to the solution 
eel 27 made from a quartz of 1cm of optical path lengths, and let 19 pass was irradiated, and a transmitted 
light was received with the photodetector 22 via the wavelength selection transparency filter 20, and on the 
other hand, from the direction which intersects perpendicularly with signal light, the whole optical path of 
the signal light which penetrates the solution eel 27 was made to diffuse control light using a projector lens 
26, and was irradiated. In the equipment configuration of drawing 13 , the role and specification of the light 
source 1 (wavelength of 633nm) of signal light, ND filter 3, a shutter 4, the transflective mirror 5, and a 
photodetector 1 1 are the same as that of the case of the operation gestalt 1 . In addition, preventing the 
control light scattered about from the solution eel 27 carrying out incidence of the wavelength selection 
transparency filter 20 to a photodetector 22, and having used it with the operation gestalt 1 and the same 
thing can be used. [0124] Like the operation gestalt 1 as coloring matter, using the tetrapod (t-butyl) copper 
phthalocyanine, the solution eel 27 was filled up with the chloroform solution, and it was examined. About 
coloring matter concentration, it took into consideration that it was 1cm of 200 times as many optical path 
lengths as this to 50 micrometers of differences of the optical path length, i.e., the optical path length in the 
case of the operation gestalt 1, and was set as 1/200 of the concentration in the case of the operation gestalt 1 
(2.5x10-5 mol/1), and it adjusted so that it might become equivalent to the case where effectual permeability 
is the operation gestalt 1 . Like the case of the operation gestalt 1 , by ND filter 3, the power of the control 
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light which carries out incidence to an optical element (solution eel 27) was adjusted in 0.5mW thru/or 
25mW, and control light was blinked using the shutter 4. However, even if it made power of control light 
into max, the result that the signal luminous intensity which carries out incidence to a photodetector 22 did 
not change at all was obtained. That is, as long as the power of control light was adjusted in 0.5mW thru/or 
25mW, in the equipment configuration and equipment arrangement of drawing 13 , light and optical control 
were unrealizable. 

[0125] [Operation gestalt 3] Instead of the tetrapod (t-butyl) copper phthalocyanine in the operation gestalt 
1 , the tetrapod (t-butyl) oxy- vanadium phthalocyanine was used as coloring matter. Others filled up the 
operation gestalt 1 with the liquefied optical responsibility constituent like the approach of a publication at 
the optical eel 8 made from quartz glass. The permeability spectrum in this case is shown in drawing 14 . 
The permeability of this film was 78% on the wavelength (780nm) of signal light 3.4% in the wavelength 
(633nm) of control light. 

[0126] This membrane type optical element was attached in the same optical control device as the case of 
the operation gestalt 1 ( drawing 1 ), and the sense and magnitude of an optical response of signal light 
corresponding to intermittence of control light were investigated like the case of the operation gestalt 1, 
changing the physical relationship of the location (focus Fc) where the convergence beam diameter of 
control light and signal light serves as min, and the optical eel 8. However, it is semiconductor laser (the 
oscillation wavelength of 780nm) as the light source 2 of signal light. The Gaussian beam with a diameter 
[ after the continuous-oscillation output of 6mW, and beam plastic surgery ] of about 8mm It is a helium 
neon laser (the oscillation wavelength of 633nm) as the light source 1 of control light. One 20 times the 
scale factor of this The Gaussian beam with a beam diameter of 2mm as a condenser lens 7 Spacing 
(d78+d89) of a condenser lens 7 and the light-receiving lens 9 has been fixed for the lens for microscopes of 
numerical aperture 0.4, using the objective lens for microscopes of one 10 times the scale factor of this, and 
numerical aperture 0.3 as a light-receiving lens 9. The distance of the optical eel 8 and a condenser lens 7 
was changed, and the physical relationship of the focal location of the control light which it converged by 
the same optical path, and signal light, and the optical eel 8 was changed, and was performed. 
[0127] The maximum of magnitude deltaT' of a response of the sense from which apparent signal light 
reinforcement increases the maximum of magnitude deltaT of a response of the sense to which signal light 
reinforcement decreases by 82% was 54% at the time of incidence power 5mW of control light. 
[0128] [Operation gestalt 4] The outline configuration of the optical control unit of the operation gestalt 4 is 
shown in drawing 15 . Internal morphology which is illustrated to drawing 1 5 can use such an optical 
equipment configuration and arrangement suitably, also when the exterior and the external gestalt other than 
the optical eel 8 of a thin film mold use optical eels, such as the shape of the shape of tabular and a 
rectangular parallelepiped, cylindrical, a semicircle column, and the square pole. 

[0129] About the light sources 1 and 2, ND filter 3, a shutter 4, photodetectors 1 1 and 22, the optical eel 8, 
the wavelength selection transparency filter 20, and the oscilloscope 1 00, the same thing as the operation 
gestalt 1 ( drawing 1 ) was used similarly. 

[0130] By using a dichroic mirror 21 by arrangement as shown in drawing 15 , while dividing control light 
and acting as the monitor of the optical reinforcement with a photodetector 1 1 , the optical path of control 
light and signal light can be piled up, and the required photomixing machine 6 can be omitted by 
arrangement of drawing 1 . However, in arrangement of drawing 15 , in order to complement wavelength 
selection transparency and reflection of a dichroic mirror 21, it is desirable to form the wavelength selection 
transparency filter 10 which signal light is intercepted [ filter ] completely and makes only control light 
penetrate in front of a photodetector 1 1 . Moreover, in order to avoid that signal light and/or control light 
have a bad influence on return and light equipment to the light sources 1 and 2, optical isolators 13 and 14 
may be formed before the light sources 1 and 2 if needed, respectively. 

[0131] As an optical convergence means at the time of completing the signal light and control light which 
made the optical path in agreement together, and irradiating to the optical eel 8, concave mirrors 15 and 16 
can be used in arrangement like drawing 15 instead of a condenser lens 7 and the light-receiving lens 9. 
Although the problem that a focal distance changes with wavelength strictly arises when using a lens as a 
convergence means common to signal light and control light, the worries do not exist at a concave mirror. 
[0132] The following approaches are employable in order to classify and take out the signal light bundle of 
rays of the field which received strongly said intensity modulation and/or a luminous-density modulation 
among the signal light bundle of rayses to emit, after penetrating said optical element in the optical control 
unit of this invention which is illustrated to drawing 15 . 
[0133] (1) How to extract before a photodetector 22 and to prepare 19. 
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[0134] (2) How to make angular aperture of the concave mirror 16 by the side of light-receiving smaller 
than the angular aperture of the concave mirror 1 5 by the side of an exposure. 

[0135] (3) How to make small angular aperture of the concave mirror 16 by the side of light-receiving, to 
extract before a photodetector 22 further, and to prepare 1 9 rather than the angular aperture of the concave 
mirror 1 5 by the side of an exposure. 

[0136] In the optical control unit of this invention which is illustrated to drawing 15 , indispensable 
equipment configuration elements are the light sources 1 and 2, a dichroic mirror 21, the wavelength 
selection transparency filter 20, concave mirrors 15 and 16, and the optical eel 8. In addition, the beam 
splitter of polarization or unpolarized light can also be used instead of the dichroic mirror 21 in drawing 1 5 . 

[0137] As a procedure in case equipment as shows the optical control approach of this invention to drawing 
15 performs First, the optical path of control light (light source 1) and signal light (light source 2) is in 
agreement, and it is the common focus Fc. It adjusts so that an optical element 8 may be arranged in a 
location (beam waist). Subsequently In order to check the function of a dichroic mirror 21 and the 
wavelength selection transparency filters 10 and 20, When only there being no response in a photodetector 
22 when the light sources' 1 and 2 are turned on by turns and only the light source's 1 is turned on (shutter 4 
disconnection), and the light source 2 were turned on, it checked that there was no response in a 
photodetector 1 1 . 

[0138] Hereafter, like the case of the operation gestalt 1, the light and the optical control approach using said 
optical eel 8 were enforced, and the experimental result equivalent to the case of the operation gestalt 1 was 
obtained. 
[0139] 

[Effect of the Invention] As mentioned above, as explained to the detail, according to the optical control 
approach and the optical control unit of this invention, it becomes realizable by making laser light in a 
visible region into control light to modulate efficiently the signal light in a near infrared ray field in 
practically sufficient speed of response with very simple optical equipment, for example, without using an 
electronic circuitry etc. entirely. 

[0140] Furthermore, by using it, filling up an optical eel with a liquefied optical responsibility constituent, 
optical dispersion can be made small and the optical equipment in which an optical big response is shown by 
the smallest possible power can be offered. 

[0141] Furthermore, when the control light of excessive power carries out incidence by creating a liquefied 
optical responsibility constituent using an volatile solvent, said solvent boils, a bubble is generated, as a 
result, control light is intercepted, and it can prevent an optical element receiving damage. 
[0142] Even if the coloring matter near the focus of the control light irradiated into the optical responsibility 
constituent deteriorates, compared with the case where an optical responsibility constituent is not liquefied, 
a function can be demonstrated according to the mass transfer by diffusion for a long period of time. 
[0143] The optical responsibility constituent in an optical eel is exchangeable simple. 

[0144] Said convergence means to complete control light and signal light as an optical eel respectively, and/ 
Or the inside of the signal light bundle of rays emitted after penetrating the optical responsibility constituent 
in an optical eel, The means which classifies and takes out the signal light bundle of rays of the field which 
received intensity modulation and/or a luminous-density modulation strongly, and/ Or a very simple and 
compact optical control unit can be offered by incorporating a means to divide into signal light and control 
light a mixed light of signal light and control light which has penetrated said optical responsibility 
constituent in an optical cel. 

[Translation done.] 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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(2) 



1 0-90733 



fc cfclX/SfcliHST^^ »Ii£6*>!-^<b$1+^ C i: l= J: U 
mlSE^-tr ;u £ mm-t £>litJBB<i^§-5fetD3$££iE fc «fc I// 

SJEfMW* £ l/ffirfB{i#3fc £ 4X3ii £ -frT tirfB3fe^ 
•bArtRMtu fro. ffiIESaw*fc<fci/ffJlEfE#fta>-* 

4xiEB L fc ct £ ft® i: "f & 3fe*Jffli*5S . 
[Ht#JS 2 ] If Htm 1 1ER0)3t*]ffll^;i ir fcUT. 

fltrEWiaijt fc j: tfntjem^ft £ atjffi&SMz i= fe i> r 
[litmus] *fci*2SEea>jfeSflt®*jii-fc 

*fcl*;fcjfc£££IB£3£< SlTfcflia©f3#Jfejfeli!l3i£ 

[1**114] nt*js i *fci*2iee©3t$i|p^i~fc 

fifcLTU<^#5fc5fctajfc£. Uirffi«^jfe3tel§3fc©3B»« 

«4*£liME«B (BBPft) -easy m-rcti-j; 
sitfc^OTfi-^it^m^ ltis y ai-r c t £ft 

iE*^-b ;u t a&mMm £ &it * ts- 4 c: <t k * y . 

IEfI^3fecoj3>it<7>&Jtfrii*^.53fej£g£:ax if*,* 

fr-;*£ mi lth y m-f c t £*#« t -r 

;£„ 

[11*317] jgttroifel£gt£iiaj£®£ftigLfc^-tz 

^fc i*%*&aKn £ft a u> t> * s %m 



*re« raft fc J: tmia^jfe £«•* ttJit: $ * s ix m^fs 

£*TU J|X^^^fcflfe*]W3fefc<J:i;fltII2^3tfl)^*l 

ti-e+LiESL, fro. fIIB3fe^-tr;H^OfiiIf2iStt3fer5g 
tfeffifiJc&li. HX*$tlf=SillS*Jffll3ti3<fcU:fIIBm-^3t(0 

a tt y ^ a as kieb $ tix t > -s c t £ t -t -s?t$ij 

[f»*5l8] !i*H7iE«(D5teftJfWgEI::;fcl,'>-C, 
ffirew »* <fc frlflSBft^-fe ;u * 13 fc i> r 

[i«*ii9] ii*iS7*fcii8iBe<7)5fe$iiw^aicfc 

BlilB3fe^-b;u*a)gtifiB3fe)£g14«§^$SiaLfc^. M 
tfeLT^<<1^5fe3fe*imro5*.. aiHB!tg^HifcJ:l// 
*fcl±3femffig^iS£5t<Sltfc^«flXi^3fejfe^m£ 

^su lt» y ai^®£*-r i> c t £^©t-r i>3fe*itw 

[HI#IS10] i**iS9lEK<Djfe*i]W^BI-fc^r. 

ffrsB3fe^-b;u^ttrffi^#5fe£ilK^ *-t±r Alt $ t± ^Ki- 

[«*ini] is*ii9S5ea>3feftijwssicfc^T, 
^ro<i^5fe5fe^£«-»jLrflsyffi-r^ei: lt« 

&y £fflL>-Sci: £^»i:^--53fe*W^go 

[IS*H 1 2 ] If*H 7 fr t, 1 1 <Dl*r:fi*M=Etta> 
3fe*iH»^BI-fc^T. 

ffiiB$f]®3fe <fc vm&m^±<D*ti*ftG>m ^es t 

ll5ffif£!!i3M8£ffll,^;:i:l-<}:o-C. fUEMWifefcJ:^ 
miEfi^ro^^^rom^tiSirfJsBjfe^-ir^tcDe 
SII^£^<b*-B--5Ci:l-J:y, ^IESiJffll3fe<DSBSt|z«fe 
o T BtHB3fe^-b ;u L fcMIB{i^3fe<DM.AM+©5i)t 

*<i^'>-r-i)^iajfl>3fef5gi:. ttrlEll^jferoMfritro^ig 

*<Ji^-r -S3feJ5gi: CD. £**,t»fr-:££gS?L-CJ«y til 

[n*isi 3] if*ii7fre, 1 2CDLN-r*i.AMciBe© 

fllBife^-b COMIB3ferSg14tSfi£!fel * SiS L X 2 tzM 

[|f*JSl 4] tt*JS7fr'b 1 3(D^r*lfrl=IEK<D 
TfeftHSPgSdfcl/'T. 

^IBSd W3fe fc cfc tfgfllBfi-SBfc ^ iR^ $ it Z> SUiBiRJfc 



(3) 



1 O - 9 0 7 3 3 



mn&&Mmts &zs/-£tz £ & < sit /= 

B-r Kam^-bMzm^^Htzm&^m-t 
z> z t t -r -s nammm.. 

[MsJUS 1 5 ] ISsfcJg 7 fr£ 1 4 Wf*lfr\ZfZWL(D 
[O O O 1 ] 

f=3t^-tr ;u $ ffl l* -6 SfcfHfflW i£ <fc UftMBBBlc Mr 
[0 0 0 2] 

0>#Stt, Lfc5txu>7 HD^^feJ: 

HBttBSBoric. 5fc0)!£& (BM) *fcl*SjRS 

<B*> *BBL<fc 5 ft** 
tfBA/K&ft&ilVCl^ft. *«)1»iSiS*LT. 
BB*BaBJHf»B»»a**Tfc5 *tf- 
A (MS) (DSrffiKSteSBa^Bfcfcif, ft***®* 

[ooo3] * • ftwm?5&.^a>&mifi]®%iz*iz>m.n. 

[0 0 0 4] B-0&Afftta>5£-CB&$*lf::# 
5^F«B©Bib*#^n=. fc I* 

B«r*B=©B«»«l=*il*TBfcl=3te«««fi£rB 

[ooo5] migvim<&i&(Dfcm&iA*i-t=wt l-ci*. 

Si§Bg5 3-1 3 7 8 8 
LT8fia>B&«d>ft< &t=BB0%B£BBU - 



B©B«lcB-i-J:3<t****B*«M*44iT^*. * 
fc. *#BI!BB5 5-1 00 5 0 3^#fcJ:i;it$^BS5 5 

-1 0 8 6 0 3^Bl=l*7H^7-r 'J >gfB(*fc£:©*r 

BBr*«fc5tt«Btt©B*a7ffi#7W/<-*<B* 
afti/Cl^S. £7=. 4#g8BS6 3-8 9 8 0 5#^Blcl* 
*l= <fc s TEftig £ *tfc = fiHtf® An b E l=±{4© = 
«ffl^a>a»l=»l6-*-*BB**-i-*»l«JU7-f U >B» 
«C«:if©*BftB**ar«t>l=**Lrt^*^X^v 
^jf£77"r/<-A<^^$^.TU-5. £f=* 1#BIJBS6 3- 
23 60 1 3-94M8l=l*9 , J^h->r->nfi*©*>7'- 
>6B<DBBI=B-<MMM>**BB L Ttt^-S&Big 
Lfc&. B-09BB&aB«:««=0!>BBfl!)jfc£BB»- 

5<E*«BBT*«M***iT^*. WBB6 4- 

7 3 3 2 6*attl=lfrKjU7<f' 'J >B*ft* £ 0£BB 
•MIBItT h 'J ?*x*m«*"l=#»Lfc*BB« 
ftlcB— fe£tfB=G>8Sa>%$BBL-C« fl^©Bfi 

[0 0 0 6] ^tl-e.«£*ftfl5T?ffltNf>tL-C^45t^S 
CD«fi£t LTCSU ftBUBS 55-1 00503 # 
BSBB5 5-1 08 603^8. *5«fclH*MH8 6 3 - 8 
9 8 O 5#^f8iaie»B&<»£»-f -S5fc:7T-</<-£ra 

it**3 3tcBBBriiA*B***tr*iy, #l?f)BS 5 3 - 1 

3 7 8 8 4-f§-4*Bfc<fctf1#BBB86 4-7 3 3 2 6#^B 
LTl^«»»±(*l=«*3fe©*B4:l*M«)*fil^6B» 
<P if J: -a T »» * ■& r BB-T * J: 5 «BBBB 

[O O 0 7] 

[BBA«BBLJ:3i:-r«BB] L3& X L<E4*&, W±<D 

*B<b*fcl*B«*Bfl: (*(6») ^§I#S^-Tfc«)l- 
li*«lcBBS©3t/<7-* J fi5.Bi: LfcU, 

[0008] *aiHA(*, ±tH«e3SSffio^-rspe^ 
aB(»3ita»**JB»tt©3ifeq6BT^&3i#mf«t5<E 

jfc«B^£feJ:t;jll&MBBBlcB-4-«BB (»B¥7- 
2 5 6 1 8-5I-, 8-15113 3^-) fc^l/jfeiCSItft 
»l=Bt4«W (tl¥7-584 1 3f. 7-5 8 4 
1 4^) ^tt^Lfco 

[0 0 0 9] *f£B^ii, ±EBB*B*L. »=. ±12 



(4) 
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[0 0 1 0] 

iS^ft^TtSiJ^iir-feoT^ ffiifE$w?fc;fc<fcr/ffrfEfi 

JS«3 * ic fc I vcSlM=»«C y ^ 5 J: 5 1- . tfltESiJiSPJfefc 
<fcl/l?fJSE<I-^&c&5fegS£ ^-ft^MUEBLfc C <k 

[001 i] mi-. ±ssgw$^fi£-r-5fc«)ic, *m<& 
BtrSE jfe^-b I- fc i»x nsw i= pi -#8&T-ei8 $ t± 4 

[0 0 12] Mir. ±6EgW£ii>iS;-f Sfctf)!-. *SI0> 
sf*«3fieK©^|-S*3t*]ffli*jil*s ISsRJSl^fc 

i*2SEttcD#sw:£&ird3^T. BijiE5fc3Mr;u*a>iiirsE 

■£0>5*>. J|irffi3£JS£Kfc£l//£fcl*7fc£®fi£ili£ 

i$ < gitf=^a><i#3t*^*^»»j ltbi y aj-r c * 

[0 0 13] Ml-, -ti£lW£jiJi£-f Sfrttl-. *gl<D 
f«*^4fE«UD#§BJ3l;&SjtSHJffl:£j£li. IS#IS1 £fc 

m (man) -xn&vih-rztiz&vT. fifE?is^iafc 
ii*£#ih una y m-r c t So 

[0 0 14] Ml-. ±IElW£ilJ5£-rSfc«>l^ *gi0> 
!»^5tEK0)«WI^§itffJ^;±l4. If^m*^ 
4©t^+LA^gEK<7)3tSil^j£l-fcL%r. UtTlEftiePpfcfc 

cfc xftiis&ismao) * ti^twm £{as <t nuiE^-b * 

<B&Bg8&£^b;*-e-S Cilery. ffrSESUPit^St 
l:<toT. ^IE3t^-b^^SiaLfcStIIE<l#3ta)MAM+ 
CD^®A<M'>-rS*rSl<7)3tJS§i:. StrfEfl-^jttDMAMt 
0>SJ£A<l£:*-f SsfctSgirOT. H^^fr-rtZmtilLX 

sty ai -ret ts. 

[0 0 15] Ml-, ±IESW£itj£-rSfci6l-. *m<r> 

mxme&witomAizm&i/tftimxmA. »#jsi^* 

5 (0 l*-ftifrBZn0)ifc%l®)Jj)3i\z l^T . SfjfB 



[0 0 16] Ml-. ±IE§M£itfi£-rS fettle, *H<D 
ii#iS7IEKroj&BjllcgiSpfe$<Hapggli. 
14tSfiE^l^3£liLfc5t^-tr>Hc. g{IfE*r5g14fflfi£^A« 
gJ£^S«g©Wjte£HB«tL. ftKaPptirliMfcSftfi 
wmic fc SS#3feG)2li&^fc <fc t//£ lotS&r^ £ 5H£ 
WIziiJSSti-S c t ick y 8irfS&3M:n>£Sifi-f SlfoSE 

<t#3trosi® kh£ if/* tz\t%^mm.m.m £ ft 5 % 

*flgP735il-fflUf)ti.-5alcSiJ^S-C-fcoX. ffiEWffllJt 
fc<t^IE<l^^=&^iR^$1i-SiRm^e$^L. ft 
£ £ Hfct!llE$iJ(ai3fefc J: t/tirfE<i^3fc<D*:|x-? tMDMM 

&®o>yt=F&m&m : bis^m<E.Mzmu y ^ ? * ? 

l=. tfrfE*J®3tfc«fci;fiiIfE<S#3fe«)3feK^ ; E-^€niEa 
L. ^o. MlEjt^-b/H^roftrlEiatt^lSgttlifiE^ 

i*. JRm*^fcflJrtE$ilffii^i3<ki;stiiE«^3fero^n-e+L 
<Dm^jfi^ro5t^ss*<S4,i§^$IitA<st^l-»^f y^ 

5 fiSI-MBB * ftT I^S Z. t £ 4#» t ? S o 
[0 0 17] Ml-. -hfSlW^JS-rSfctol-. *M(0 
IS*3S8fEK(Of6B^|^S3fe$iJ^Sii % ff*^7|E© 

o>&mw%im.izt$^x. tnumwftt5&vmftm^ft& 

SfFfE^-feJU * I- L>T HMMI- RI-ft»T?e*r s <£ 

5 ^3feKlES$ * c t ^ t -r s „ 
[ooi a] Ml-. ilESM^SfiE-r^fctoic. 
sf^9fE«rof6B^|r^S5tSiJffli^Sl± % ii*«7*fc 
l*8lEK(D3t*JffllSSlcfc^T. fIIE5t^-tr;U*ro^fE 

3tFE^ttiafiE^i^SiaLfc^. fESfeLr^< myites 
s<sitfc^JS©<i^3fe^s^»»JLrflstydi-r^fs 

[OOI 9] Ml-. -hffi@B«)^Sfi£r-5fctt)l=. *siro 
ii^l 0|EK<0f!lfl|z^S5t*iJ^gl=c. |**«9!E 
erojfcftKSigKlcfclvc, BtrfE!tg^Pfc«fci;/*fclo: 

TBsyas-r^st l-c. miE^-tr^sfifEm-i-^siiK 

^$1±TAIt$ ItSESI-fflt^fcilR^^KroBSPSftcfc y i 

[0 0 2 0] Ml-. ±fESW^^fi£-rSfc«)l-. *H<D 
i KKrofSBJI-&S3fc*flffli!£SI*. H*^9IE 
KOT^fiJ^SIcfc^T. «IIE3tg^i@fcJ:i;/*fclo: 

rnjym-r^st lt. say sffli^ct^att 

So 

[002 1] Ml=. -tfE§W£itfirf Sfctolc. $^<D 
i»^«l 2lEero^B^|z^Sjt*J^SI*. W^3S7A^ 
t> 1 1 (DL^^fEmcOjtSijep^SlcfcU^. flJlfE©)^) 
J: l/fIfE{l^pt(D-?-*v^(D^ j^iia i: fllEjt^-b 

jutc&esH&^fbs-tts&is^is^L. «rcsn 
^s^fflt^sciriz.fco-c. itre«Wjtei3J:0Wie«4 

^b^-frS C t lc«fc y . fltFfESiJ^ljtroSaWI-.koTBIIfS 



(5) 
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[0022] mic. ji§Eae*iSii)S-r*fctoic. 

W*«1 3IEK(D*B^|c^§jt*JW^SI*, 1**^7 
£1 2(DL^-r+LA^I^eCD^tf^Jffil^SI-*5L^r. ffJlEjfe^ 

•b;u+©fjisjtfE§i±sajs^i^ mm us 

[0 0 2 3] Hl=. -hfBBM^iifiE-r^fctfXCs *SicD 
P>1 3©L^■r*t*^Efia)3tS^Jffilgal-fct^T. tfJtBlfeW 

[0 0 2 4] Ml-. ±IBSW^^)«-r-Sfci6lz, 

p»i 4roLx-r^iee©3tfij»gaizfct>r. #ifEj$# 

[0025] mi-, iisew^^RE-r-sfctoic. *m<» 
*i 5rot^•r^I^«a>3ts^J^»gSl-fct^-c. ffjSEjfctf 

[0 0 2 6] [5fetEg14ffl)56%, (t#7t<0;S^^ 

m a m c x um^tJit z&m l m ^ c t a< 

[0 0 2 7] JU*Wfc^¥-III£LTIi. * 

a wi-ib i: xm^ft t mm^tco^smm^ £ 

[0 0 2 8] *&BJiX'mi,^*lZ>&#.(Dittfo&t±®f8.Vl 
* -&<t#3t fc J: 1/ ftWTfctDjfcS&filco 1%T I*. 

fc£ifm^*;<»mi&m£&mt~LxwLfe-?&zbi><X'£ 



profit iciS^Lfc^. ^-tr^^Sifi-r-SfiJffiijtfcJ; 
[0 0 2 9] *fgBJHi. T-#.5ISy<£^3fcA'7-T-ft# 

^ 3t« l fc *^-tr ;ua* e. ? i its -r * => tiftvmtt ts «t 
w£2fiE-r-5f=tti;s>i'S> ^-b;u£Sia-r-5*iiffli3t 

[0 0 3 0] *^B^(D5t*l]^Sfc < );U:3t$lj^Sr* 

[0031] ::t\ *na3ta)^lti-«toT^#3ta)S 
<l-l-5ta>SiS¥A<'>'tf < i: t 1 0%Ja±lc/** < fe53tlC 

[0 0 3 2] [#3Mz;i/| *«gBS-c♦fflt^t.4^^3^£^-tr;^ 

ro5tfSg1±tfiJ«%ll-liaWI-^SI£#4--r-5)ttl^£ : & 
L. MIC. HS^S^tTSSSt$ti-5^jtfc«i:l/$tHai3t£ 

s set ^ -s * -c fe ^ . 

[0 0 3 3] *fgB^T?fflL>f,^^jt^il>U0)J{^l**1-a5 

[o o 3 4] %¥-feiua>n«is»na. *mM<Dittww3i 

[0 0 3 5] 3fe^-b;K75rtgPff$^i:li, "T^t)*,. JS« 
&#<Ojfcj£gtt$S/S&l::. H^Mlc^SIS^-r-Stro 
OTflSSffSMBli. S«:b<)I=I±s Cfl^lis 3S^. J*K. « 

[0O3 6] 3t^-b;UCDlf/l£fcJ:i;»Mli s TIBCD^fr 
$ jgfc r t <0 X fc+ttfff SOT t O « C i: A<T- # 

-5. 
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[0037] (i ) ±&<D,i:ot3:9\-mmte£ifrXiBm 

[0038] (2) mVi<Dftfo&\imfiL®\ZttLT*7£ 
&X'&Z>Zb. 

[0039] o) &vi<Dx&&\$.mf3L®>$mi£?%n 

to 

[0040] ( 4 ) mvx»ftfe&\tmrfc®>tf. &mx>* 

t iz <fc -3 XZift & C t £ & If 4 c t *<r- # i> C <!: . 

[0041] fcfc. ±iE^#<ort. jfctKrojfci&gtitsjS 
[0042] SiiiEW3tfc<fci;sirlH<i-^3t$J|R^:*-i±s 

it < gitfc^«ro<§*Hfc3fcfaji?£#53i] ltbs y ai-r^ 

{»3feti^igi-r-i.¥s$. mB&tft^izjuzm^Mi- 

[0043] [%&®<&.mi$.m *§tmzt$^x. mm 
tttzmmLtztz. ®mxtnm:ti;zxi&&mz&&m 

[0044] tomzmwvjizmif 

GaAs, GaAsP, GaAIAs, InP, I n S 
b, I n A s N PbTe. InGaAsP, Z n S e £f 

ip^DY K#fkLfe40>. mitem**'^* K-^L 
^Afcif) *fcl*IWB*«/\py><t* (flX.tfJMt 

S*I-<t^K-7"LfcCdS, CdSe, CdSo 
S, C d S e T e h'5 ^AA^3yt-< K<D@ 

h'j»^7tt^Dn-f k»*l 

i&ftftl*Lap<f K#ttLfetO>. ftf©Bfr. 7hU 
[0 0 4 5] C*Vt>0J -7 MJ y?**f|*4"lCfe 



*S*«S*fcttan-< K*MlkLfet>fl!>l*. ^HJv** 
[0 0 4 6] [ft*] **MT»tt, feSRfcLr. 4ifll«) 

[0047] *&wx'mi'>zz\to>X'$&&m<Dm ! i*m 
t Lrii< eg*.ii\ d— $r= >b, □— y = > 6 g . x 

7^ 'Jy>t/"; K«C£©7$ 'Jv^Ifi 

3d, if K, >tf;uu-v Ret* rorVfeSt. 

? ■< 'J >&fe§ft. 7^Pi/7->SfeI. 3 S 3' - V 
ifJl-f7*Jl'/t>'>7->a-v K, 3. 3' -yif 
;u^-*-y- v? * ;u4? >>t x > a — *? Kfc i: <d v r =. >fe 

tfX'ZZ. 

[0 0 4 8] C^f,©fefS*at, £fc 

l±. 2^?SJil-h^;1^L-Cffiffl-r^CtA<T-#i.= 

[0049] [v hv-jvv.vim xmax-mi^zt 
(2) *nw<Di?tmwttxmi^tLZit<DXL&i&&x' 

(4) 3tJ6^14jfiJ«^li: LT(0ISfi£$SStta<«oc 

m© t <d ^ ttffl-r -s - <t *<t- # s „ 

[0 0 5 0] h'J -y^^^i: LTIi, 

If, tK. tK**7X (T;u*'J<r-f^(DjgI¥*j§i«) . 
mm. MM. ^p;ux;u^>^, 

h'j^;u^-p^^>^.JU7ts>^ JEcif^ttffl 

[005 1] *«S^(73V h>J<y^^*4i: LT 

I*. &m&&&ftL *J«fct;, 

[00 5 2] ^flt±©^i§giji: LTIi, JH*Mlcl±, 
x^y— ju, -< v^p t°;uT;urj— n 

•if'JP— yifl/^U^-Jk ^'J-fe'J 

7SJk it^-r V7°pe;u/«cifa>xx^;u^, T-tr h 
y f;ux^^u>7- >fwv?f<^i>x •> 

7*^;i/x— ^;u % ^ h+yiv-;k x h^->x^ y 
— :? f~4^>x£ y — *jut*i — ;ute<t"<Dx— t- 
^US, f h7th*P77X i. 4-e?^-y->, i, 
3-yt+V7>, ^ifoaittx— r-iUS, y^OD^ 
^ ^DD^UA. E3^<bm*. 1. 2-v^PPX 
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>. £ DD^^-tfv, o — v£ p n^v-tf x kpK 
>-tf>, r— v— ;u» or-? ppt^s u>fcifa>7?# 

&ftflS*ftSL n -'OS n -/Mr-tf->, n 

-v^fJ*l/A75K, N, N-v^fJU7t t>75 

h\ ^*-tM^;u*x*'j huts Kfcifrors K 

ft** KM. Jfc6£x^U>. ttK^Dbf U>«cJf(0Mtt 
xxtJUJI. 7-bh^HJJk ^Det-h'JJk 'O 
K'j;u^<t*a>- mj;usl tfui?>. *vy>fcif 

(O^SitMaSlHHb^&lSg, h 'J if^7 5 MJx* 

/— ;uy 5 yx^jursv tju=i— t— 'J>tc 
if<D7-£>§S. ^P/uit&. h'J^PJUWKs h'J^JU 

[0053] c 4xt.ro SSflii. *fc. SSftoa^rotro 
£:1#L.-CfflU-Ct,&l^ 

[0054] hyy^xtttW^efiXaJMICfe 
***r»*-r**a5. *«©*«»»^3R-7 hy 

*tTl>a*<. 7 h 'J •^XttS+mfel^J ^©J: 5 
[0 0 5 5] *fc. j$#(D-? h 'J •v?X«*4*^fl5IBfl) 

Hj?9xtm4>-?»js$-t*«#&. {b^Mstsj&s 
a-cMLfcatiii^i. &sio&i:-c*Mkffl£ji)i* 

[0 0 5 6] fcfc, ^fgB^r-ffll^tti.iStt<7)3tJSS1± 



SS*x>^*-. aftfcttftL MSttMft 

[0057] 

[*^©SIJ6©»©] kit. HSicS^a&Haxifi 

[0058] CgliSJBS 1] 11 l=l4*SSlfi}BJg© 
KtttfttK. H&tt. ¥Rtttt. BAftttd 

[0059] :;f, rtSB©m*<»KS«)ft^-b;u8i4 
«iUi JUT©* 5 fc«tj*©*©-efc4 Q 
[0060] (i ) 3fef*7^*fcltSI5fl7XS-tr;i/ 

8 0 0 (112) o 

[006 1] (2) 2«Cfl)ffi7:^X^X'<— y— fccfcl/ 

^LfcfltfiE©ja3:3S7fe^-tr;U8 10 (@3) c 

[0 O 6 2] 0 2 ICip-f «fc =3U%t£1i 7X*fcl4E3|** 

7xgw8 o oiiAit ■ ajstBTj^xs o i n&UB 

0 2, ffiQffi7J^X8 0 3fc<J:i;8 0 4, fc«fel/. ISMH 
7X805l:<fcoT, ?S«C3telS§tt«SJS^l?ElgeP8 0 8 
£JfcjSL.fc*©T:fc-5, 4f?X*tK& L-CliSllTJ^X 

9tilt«CttfTS4. Jt^4r;Ui: LT©«g£SI 
ff-fftfeftKl*. #5xJniB*l::, Alt • diStStf^x 
8 o 1 8 0 2©¥ffitti3«fclPFtTK£HKI=lfi5 

j«tt<D7feJ3Jgtt*iJS^I*»AP8 0 7 
frbSAg8 0 6 *aCT3feJj|*ti'5o 3SAO8 0 7IC 

ds.is^'jE37<>^bx^u>s^ (H*#r> £f?AT 

ZZt. fc-SlMi. 3?AP 8 o 7 £#^XJ!)nn?i*U£ 

7x$gttiiiSiS. mii5£r;uay 

<b**», * fc htm? y y it^mmu t' &m t» <s»^ $ 

hij7;i/tP^$>x;^>8, ^p^uBtK. h 'J 

[0063] 12 IC^-T ** ^X^jt^-tr;U BOOtHt 
4. fcfc'L, COTJi^ti, Tt-^^xttWS^X 
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[0 0 6 4] m3\ztt£5tem±Lj£li¥'\z)l'8 1 O 
I*. »tt%«SttlBdt«B%*ffi8 1 S^ISItfrX^-if 
-8 1 4$ 2tfc(Dfitta>A*t ■ HHtffi#5X8 1 3fc* 
tf8 1 5t'ffi^ Ctt^aA/^v4->8 1 2fc*tf 8 1 
6^LtiJ<*8 1 1 tS&lfa 1 7t*^ B3t*S/ 

5*8 2 4fecfci;8 2 5ic*v (g^-tm zm^xm^. 

-?Z>i>0X&Z> a BS*8 1 7IZ*y«ltfc»A*8 2 
2 fccfc 1/8 2 314. 1S^8 1 7 lzK(+fc»A?L 8 2 

■u =TA/5^*>8 i eizwuftz^xna 2 o, 3fci*-c 
Alt • antw^xB 1 5izm+fc»Aa8 1 sizai: 

^^5t^SU8 1 8^»A-r*Ci*<-C#«. 3t««S8 1 

8 0)»*. -rat?*, w^ftteitf/sfcttwwi*^* 
m=AitLfcfc#*«?*tt«rt***e»-*'«*»* 

(4. lfli»a)X^-t«8 1 4(Dff£|cJ;o-C3i££*i 
*o y— -8 1 4. Alt ■ UHtffi**^X8 1 3fc* 
If 8 1 5. =fA/<?4r>8 1 2*5*1/8 1 5, fc*l/. 
@5t#8 1 1 fc*tf8 1 7(4. *-^T«tt(D3W6«14ffl 

14. satt. iSiBtt. fccfcl//*f-f4g|^tilcgs^^>« 
*i*Mlcl4. 7^-if— 8 1 40) 
»KI4**#^X* #'JI!S7*;ftifb 
^;nfA, v'J =3 >=TA. xTU>-^aei/> 

(D->-;utt«}*SM3t*-fr^fctolz(4. 7KUEa7?4bx 

[0 0 6 5] Alt • ffiStS*"^X8 1 3fc*l/8 1 5 t 
LTI4. 5J#9X©B^ ^/Sif^T-f-V. 

Ci^-C^^o dM*/<**>8 1 2*5*1/8 1 6<D»ff 
<hLTI4. ^;U=fA. *>'Jzi>ifA % x^U^.^D 

*fflt^*ci3d<-C#4o BS»8 1 1 fc«fctf 8 1 7I4X 
f>ux, *y ^*LfcJl«tti:a)*««a>*a)*»a 

[0 0 6 6] JUT. H! 1 (D3fc^4z;U 8 t LT, jfcttAlC 

// mi=«c* * 5 tifcB z co^SStf^ *SHr;u 8 

OOlZ^fh^ (t-^^/U) ®:7$ Pv7- >O^DP* 
(;M5 x 1 0"3^;u/ij „ h/U) **«Lfc 

;u8(D^^x^^ h;u^g!4izjF"r 0 c<Dpfe^-tr>U8 

<D2Sia*(4«flffl»5fcG>»ft (6 3 3 nm) tO. 5%. ft 
■^jfeCDSS (8 3 O nm) T? 9 1 %T'£>itzo 

[0 0 6 7] ■iiz«s««»t'««IBaa>««mMt 



(4. »J8P3fc<D3ftS1 1 * m-^5t(D*3S2. ND^<;^- 

3. 4, ^aii^s. *a*fras6. mnis> 

X7. 3fe^-iz;U8. S3tU>X9, $SlffiSi7^;i/ 
$-20, «IJ19, 3fettffl8l 1 fccfcl/2 2. fccfctf 

[0 0 6 8] CftbO)*¥K?fiUL*f»Pp©5%, 

>X7. 3fc^-fe;U8. g*u>X9. fccfctf. 
2lja^^;u$ — 2 014. H 1 (D3S««fiK-C**M(Z)3t*J 

9i**»zjti:Tisi:i+**a)tf*y. 

3tttUS*1 1fc*t/22. fcJ:tftvDX3-?100 
14. ««Ma)5K««l%ac«XtE-r«fe«>l=l4£«&l^< 

[oo6 9] fl^attjMMamMt&tfi^ltft 

[0 0 7 0] 1MIHfc<D%Bi 1314 U— »f-MI*<»»z 

*«TI=*oT«MiftLT*&«BLT*Al*. mi* 
Mlci*«*tf. 7;u=fW;l->u-if— (*S»fi4 5 

7. 9fcl*L5 14. 5nm) , MJ»>A'*t>l/- 
*f- (6 3 3 nm) ft £<Dfl[{* U— «f— . ;Hf— U— tf 
-*Nd : Y A G U — if — & if (DfUffc U — if — . fe^ U 
-if-. *»(*u-if--«:if*»»=«ffl-r*zfc^-e 
^^>o «#ft(Dftffl2lcttU— If— 3fca^&CD=it— U 

[0071] ^dena>ft«g»#a-e«ffl$n«%je«tt 

(4, z#L6©B^«*>*i: Lt, Sffig Wlz^CTStj] 
&ffl^t)i*-A<affi**i, ffll*&*i*o BIT, <S#3t<D 
7t^2^ Lt***!/-*- (MM8 3 0nm, 3 

—if— MSS6 3 3 nm, t— Afig 2 mmtoii "5 
ttfflflt»*3t«Lfc3fe¥-b;U8 O O0)ffl^tSffil> 
[0 0 7 2] ND^^J^- 3I4&-T L£&MT*I4#^ 
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[0 0 7 3] — 4 li, fflffiJiti LTiH&fliEU 

toizm^ft-stto-efcy. *«isffl3fc*ijai***§iJ6 

[0074] — 4^Sffl-r-5ti^. -E-CDJKSCi: 

(AO) SEIHSfcif£, ->-\"y$-£t*:fl>ttB)&Jt£SJi 

[oo7 5] #^jaa5i*. z<ommtem\zn^x . * 
*8££«B#iifSt£fctoi~^&tro-cfcy. jtttfii 

[0 0 7 6] jfc&tBSgl 1 fc,fctf2 2ld\ **B^<©5fe- 
•SfctolCffll^tl-S. 3fc&iii§i1 1*5^1/2 2(0^1* 

[00 7 7] MIHjt^mSfl 1 *5<fctf2 2 (Dg3t<i-§-(± 
tvPX3-7"lO0%i:fflft > AD^gHgir^ve^. 

[0 0 7 8] ?fe;g^S6l±. 3fc3Mz;U8*£G*lLTfT 

< «wft<s «t i/m^*© 5fcs&£ tess-r ■§> t axz/s i> * t 
o-efcy. ^B^rojt$ij^)*;ifc«ti;**ii^s^ssfe 

jfettWitl-O^T t ff«l=»3t?rte-C fc* = 

[0 0 7 9] J6jfcU>X7li. fi^fcfcitfflHjjapjtelCft 
a©fcSE¥«4: LT, pfeS&*<|5]-lzfc.& <fc 5 
fcm-l-jtfc J: i;$i]®jt^ Km ^ -&r filfSjt^-ti-iU 8 ^ra 

^-r-SfctorottO-Cfcy. *^BJ(D3te§mi73;£fc«fcl/jte 
jteU>X7(Z>££ffiJifL HBPgu F<I. U>X$J5lL U 



[0080] cro^J6^r-i*m*u>X7 t lt. fS 
*4o<§. Mssi5m m> imnifco. esommmm 
*M&u>X£ffli*fc. 

[0 08 1] gjfeu>X9l*. iRJfc£*i.T5fe3Mi;U8^ 
£l^liflP»a>U>X£ffl^-&Ci:lc«fc-3T. 

* if aits < »»j l Tit y m-r c t a<t- £ « . 

[0 0 8 2] *HJfi»ST'l±S3tL/>X9i: LT. MS. 

f&^2 0<§, bsjp&o. 4ros«a^u>x$ffltN 

fc„ "f JH3fcU>X7C7)§8PS<J:ygjfeu>X9 
<0§§PiS^^$<-r^^i:lrJ:y. <l#jt<D^(D5 

y 1 gjAtifcy, 5t«aiS2 z\z%^.a)^^ < j ) ^. 

& t/g* U >X<Dft y ICPflffift* fflL^* c t tBjtrc- fc 
■5 (HJ£^®4#KB) . Mlc, S3tU>X9^fitl8B^ 
4z ;u 8 1= jsa^-iit; w i: i, v £ -5 «, 
[oo8 3] &figjRSifi?-r;u$-2 oi*. eikd^ 

B4tJj£H3tia>— or-fcy, frfE3t^-b;u8*<D(^-cD3t 

tiii-tz#><D^8i<D—0t LXm^hfrZ. 

[0 0 8 4] %L&a>mti.z>m j %%tnw%iiZftmtz> 

tztb<D^&t LXlimz. Zf'jXA. mtfrft*. 

[0 0 8 5] Si <D^a«fi£r-ffl^t.^.-52E^S«SjS 
Z> 4 — 2 0<t LTI4> M®>1t<DXig:ftM0>i>t£&± 

-r i) c i: or- ^ -a «fe 5 te&misimiBi? * )\>$ — x&ti 

[0O8 6] Jil±W*5 4-«JiE^A^J*-5Sl 0>&¥ 
;u^ttlcBJ3S-r-5fc*!)<D->-vya' — 4^iSiSLT. 
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[0087] *3iiatt5ic € k-3T»ta**tfc«fBi*a)-- 

aj(i*«tBSl 1 CJ:otg3fe*^o Cut, 3fc3§2 

**-t^8fcAit-r*«iw«<D5ifeaiflE**»ii 
s-r4ci:/»<prteizft* 0 za>im»nvai % nd^ 

;U$-3lzJ:oT. ^-t?;u8^ASt-r^$iifflJ3t<7>/^r7 

— $0. 5 mWft^ L 2 5 mWOttlt'lIB Lfco 
[0 0 8 8] *aiBtt5-C»|l|- fi»**LfcWWftl*. 

xtf-Ait. a*b>X9SHLfe*. stftattaa 

^>rJU^ — 2 OlCcfcoTiggT^n^o 
[0 0 8 9] 7fe^2^t>ailt*+tfcfl^a>*t*— A 

2(CTS7t^*t*o 

[0 0 9 0] BlcD%¥ttS«ffll^X%MWa)fttt«fr 

fco H5fcj:i;Bi6rzte^r. i i iiiftttusi ia> 

2 2 26*tf2 2 3ttXttli»2 
#-C*5o *giaiSl2 2<Dg*;fi-S§-2 2 2 <7)f# &*l3i§ 
*^ 2 2 3(D»6*l*»^<DaiM4, fcTFOOay-e* 

[009 1] ES1 0>S11E11lzj3i*Tte* Vb&izJUBiz 

— A8*<«/h£tt*ffi« (£/5Fc ) ^3t^iz;U8<Z)SI 
3feU>X7lciStNRfr (»0>A»«) MIS 

*3Mzjus *aaLfcmiB«#*o)ftAMt(D5Sff*<iis^ 

t4*«0)*«f2 2 2A<WJf*l4. Wt- 
Altf|/i^tt«ttl HfcjftFc ) *ft*-fe;U8<D«* 

*-bvu8taaLfc«ns«#5ifea>*^ita>sij»A<it*-r 

S^fiia>3tel£S2 2 3A<S^*tt^ 0 
[0 0 9 2] CflO<fc5<C*ffiS36^i:*««a)l*«lC-3 

t^Ti**»H-e*y. she* «««»*-eft«3&«. *m 
[0093] ::t% fsj-cD^SS-eilx^^tL/iSiJffi)^^ 

&t*^zlx-$ tmtfcSE*3fc4fa>±icjfeq&-feji,8 £ 



»«i=im»JB»r*«!i*a>*#L^a>*ffli^T««i*^ 

^5feU>X7(7)«^ICgft8g?I^a(D^:^lNtC7)^ffiLNT 
[0 0 9 4] ■ia>%¥mt«ffll^T%«ffa>MI«r1f 

i\ H5jsj:i;H6i=a?-r*3aft»Mft*«aLfc 
*a>iwni*iaTi=a^*ayT?fc*. 

[0 0 9 5] «W3lltCD5lte-Afc«#*(D3ltlf- 

**-b^8rt»*fci*a«a>n-««-c«jaiF 

aa^-riu* — 2oa>«nB*jft«Lfc. r&b*« %a 
nen Lfc*^i=tt*«Wi» 2 2 icj&«s&<± < ± c 41* z 

[0 0 9 6] fcfc\ JR*e-Aa«/htt« (jRAFc ) 

a)3fe^-tr;u8±:T?a>»»ii. 5fc^4z;u8 £&i&£i*-cfT 

ofco -ra*>%. JK*U>X7fc«fctfS3feU>X9<DIB 
Pi (d78+d89) £S£L*:£2U 3fe^-fe^ 8 <tJ65fc U 

*fe*tf«**0)JfcjS[tt«t**-b;u8 

[0 0 9 7] ^-T^IS^^Fc £5fc^-trJU8 0>l£5fcU> 

■To 

[0 0 9 8] i/^-y* — 4*EBi:fc«iB-e»J«*a)*a 

*^iU8^«#**IHIfr*4:. 3fc*££fc3§2 2£><i# 

Si Si* L"<;u c *> a ^iiaa L . 

[0099] ^SU t 2 l=*5t^r*>^^* — 4*HlttL. 

ft^-b^8rt8S(D«#3t*<e»LTi>*a>tra— 
a>«fca>JSS»M i* 2 ^ -f * a «>*;st» & o fc c 

[0100] B$SUt3 izfcivc — * 
*-b;^0)«l«i5tBBIt*ih«>4t«*m»2 2<D<1-^5S 

B#Hli 37<^7D 8>5M!T? fe o fc o 
[0 1 O 1 ] ^SiJ t 4 lzfclvc*>v^*--4£BHttU 
ftflts iCfi^tBICit, &«tiiS§2 2CDfI 

A^a»Lfco 

[0 1 0 2] B*M t 6 fcfclvC*»2*Mffr*fc** 
U3S2 2C0a3^l*STL. U^C^Mof: 0 

[0 10 3] -^L>tr. ItreikjAFc $5t^-tr;U8<7)^* 
U>X9{ffl[CtgSLfcli^l^OlxrS-<^o CCDii^ 
0). ©lfflJ5t<Da^1 1 1 4«#ft0)(6*a»2 2 
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[0104] is-*v$-4$:ffl£tz#BX-%<lffl#,<D#.%ji 
[0 10 5] B#M t 2 tfcVtv-f^- 4£g8fltU 

[O 1 0 6] B#^l] t 3 \Zt3^X'>*v* — 4.$m\L^ % 

[0 1 0 7] B#£lJt4 l=fclvC">-V;/*-4£eattU 
A-.{S«Lfc„ 

[0 1 0 8] B#SJt6 l-fc^TjfclS 2 £;B*rr 
tUS2 2<7)fcB*l±<5TL., UKjUCs lot. 

[0 10 9] Ja±*i:tf)-&«t. 3t^-b;U8^. «HHl3fe£ 
El5*f=li06roi 1 1 l-^-TJ:5^aS»-ca**iS* 

2 2 2$fcliE16©2 2 SI-^-T^aiC. SfJWjt<©jt§i 

mm . */=i±, pft-jt^^ia-r-sci: (*-*sebi) 

[0 1 10] «»©««)irW=»l6r*«*lfeO 

96] *f=l*. A. Cfc«fci;D*ffl^T5ftl=S*S*l-Sfit 
AT' [*&%] 

[SKI] 

AT =1 00 [ (A-B) / (A-C) ] 
[Sfc2] 

AT" =100 [ (D-A) / (A-C) ] 

izJz-oT&m&Hztt&ir&zttfxZZo ::t. Ali 
(D3t^aJSl2 2roai*U'<;U, Bfc«fctfDli<I#*;i:$fl 

JU. C1*{g#Jfc©*3S2^;fl*TLfcttSSfl)3te«UJg2 2 
<J>\X,J]V<)\,X&Z><, 

[0 111] ±©09lcjsixT. SflBPftWASt/f?— 
mWiU m?lcU>X7fc«ku:Sjtu>X9lc«-r-S3fe 



a>*£$ATa>g;*:ffiii8 9%. a*Mt©(i#3tiSfi*< 
if*n-f £>|n|£a>j£g<D:*:££ at' eDg*teii 5 i %t- 

ttfflfig^l©Altffl|jfi«l=S#. ftJ8P3t£l 5'J8>«fcy* 
filv<;U*.ffi-l?Bt!StLfc*£. ft]faP3te0>/<'7— £ 1 0m 

SStT-feofco *t=, S<J8Pjfe£>tBT-f tt*l=j»K 
tefts.it Lf=. 

[0 112] ±Se©J:5lctt^t*— AgA<«/hiJS:i,(4 
3 (iljSFc ) fc3fe*-feJU8 0>tt1MB««E;l.5 = i:l= 

[0113] co*a<p*JS«ft©±i:*««ieB'< 

l=i3l+*it3ig»flia)^b<D»13£*fTof=. -Tttfe*. 
g] i ©Sgi-isi^r. gjfcu>X9 £&jfcL/>X7roiiij 
□St (*3Ufi»88©a*i*o. 6 5) *y 
St (09*.te~o. 7 5) rotroir^ML. «yi9S*y 
n u 3fe«iffi§i 2 2 <oftt> y i-s 7 i:«ts$ ^-r <t 5 « 

m©£T£g5feU>X9-eg3fc • iKJS2F1±TlJirKjfeaiS 
»*3Hje»fl!)*3llt»3 1 (*3»iS&4mm) ~sMt£ 

i$i8. 9, 1 OI=*r. 3ft3£g#ffi»!SS 
I*, 13 7 ic;*-*-* -Sic, S&6P3 1 0?i3»lSS4mm) 
ICMUTIISI mmfl)I-»XU -y K3 2 £K(t. %-<T> 
hG>ft$£ffi>. ^fcfr-fcg]7|Zfcl^T£X^i3j& 
Y0>[S]#|C S 4E2 5f(m©lr (DX'J -V h3 3£-^& 

jg-e&iss-y-c. 2tt©xu <y h*<ff -5 1 mmx 2 5 
y h 3 3<z>&W}&m.izmmzittz* hu-vtvpx 

*^IEg-r+ilifiLN 0 08- 1 01*. El±0>£3l=L. 

3te— A»ffii=o^T<©3feaa»flj*^-r*fl)-ea&y, 

Httt (jtt*-ABr®rtroeS) I*S7<D^XAnP,jSyO) 
[0 114] i8li. ft*-feiU8l=«|W3lfe*«Alt#t'. 

5igA<3S<. njai=fr<l=ttli&ft*<H$«tt*|; (fcfc 
[01 1 5] 09li. ilx^t*— AgA^S/Jvi^f^fiM 
OTAStffi!]) tfiSL. WW3lfe*B[»Lfct*JlljMtffl>« 
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©*3tltttfliT'fc£>o ca>»^(D*aft»*l*» *'t>SP 
#© jfc8l£A<il < . J3fflT-*5£JgA<lg*-r o 

TL^*„ {i#*t*-ABT®ro*«DgBro*54gii. mat 

2 2 2$, -Ctt U ffi-fC<!:A<T?#.5<, 

[0 1 1 6] 11 Oli, JR3fctf— AStfft'M:tt«tMI 
(HjSFc) $3t^-b;U8©S5tU>X9lzifil>Bf 

ttlcfcivc. ftJ^jt^gaStLfc,*: £©<!## tf-A&KS 
<D3feifeft#4|i-C&«. £©J§ftB\ *ibff#(D%3SE 

8) J:i|3<4oT^4. fr(i-3fctf-A»rS 

jfttt«©H*l=tlE#-r**<, «IW5ll6#BMtB#0»«r=* 
iS-TS. LfcA'ot. COttft. <S#ftt:-A©*.Dgp 

[01 17] n±a>Ml»6 < «MHfcOKi*i=<j:«<i'9- 

*;©jte8S£tj| (3fc£«) i*. A (**) K 

fficTJ^'OgUt?, 4$lc^#<e#-C^*^i:*<*iJ.5 t , Lfc 
*«oT. *f6^<DiMtl4i9»l=. g3feU>X9©gflD& 

£&5feL<:>X7©BSP2&<i:y lt, 3fc3Mz;us 

£gifiLfc{I#ft££T*i£L. 3t«ttiS-CS3tLfc« 

3te£H££itf=si!fl'em©y -f X($#a<is y j&*;h.T l 

S/NitA<^L<S<tCoTL*-5<, 
[0 118] CSUK»S2] *#&SB©3fc»H«3tea5as<fctf 

as «fc t/B5iB<i# * £ «- * not * -a- r we*** ^ 

IMtU fro. BiIi2«H»3fefc«*:l/ltriEm^3fe<0-t*i.-?*i 
©££©>£S©&^$g*<«*Kl^#A<llirE#*-fe^ 

4>i=fi^rai^i=s« u * 5 * 5 i=iMB«wfti3 *iflw 

SC&AWSLlV, ftft. l?iJiE&]^fc<fcl/lifJfE<l^*; 
«ti««ll»W l 5Xi«i:4oTl»«*')xe- 
A©Jf£, *3feU>X73Eci:-e. Bfi£ft2 6V*M2lt 
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